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Occupied high confidence N-glycosites detected in the S.
cerevisiae proteome

Systematic Name UniprotID Standard name

Occupied N-glycosites

YBR023C
YBRO74W
YBRO78W
YBR092C
YBRO093C
YBR139W
YBR162C
YBR171W
YBR229C
YBR286W

YCL043C
YCLO45C
YCRO011C
YDLO95W
YDROS55W
YDR434W
YEL001C
YELOO2C
YELO40W
YELOG60C
YFR018C
YGLO22W
YGRO14W
YGR189C
YGR282C
YHR028C
YHR101C
YHR188C
YHR202W
YILO15W
YJL002C
YJL171C

YJL172W
YJL192C
YKLO39W
YKL046C
YLROG66W
YLR084C

P29465
P38244
P38248
P24031
P00635
P38109
P38288
P33754
P38138
P37302

P17967
P25574
P25371
P33775
Q12355
Q04080
P40006
P33767
P32623
P09232
P43599
P39007
P32334
P53301
P15703
P18962
P38813
P38875
P38887
P12630
P41543
P46992

P27614
P39543
P32857
P36091
Q12133
Q12465

CHS3

ECM33
PHO3
PHO5

TOS1
SEC66
ROT2
APE3

PDI1
EMCA
ADP1
PMT1
PST1
GPI17
IRC22
WBP1
UTR2
PRB1

STT3
MSB2
CRH1
BGL2
DAP2
BIG1

GPI16

BAR1
OST1

CPS1
SOP4
PTM1

DCW1
SPC3
RAX2

Asn 323

Asn 121

Asn 209, 267, 279, 328
Asn 162, 315, 356, 390"
Asn 315, 356*, 390*
Asn 339

Asn 236

Asn 12

Asn 173, 907

Asn 85, 96, 115, 150, 162,
371, 427

Asn 117, 155, 425
Asn 1086, 420

Asn 165

Asn 390

Asn 210, 242

Asn 299

Asn 93, 121

Asn 60, 332

Asn 261

Asn 594

Asn 179

Asn 539

Asn 1088

Asn 177, 201

Asn 202

Asn 63, 139

Asn 144

Asn 184

Asn 305

Asn 268, 366, 398
Asn 99, 400

Asn 51, 99, 122, 174,
219, 249, 267, 300
Asn 176, 228

Asn 35

Asn 132

Asn 203, 240

Asn 173

Asn 333, 524, 640

FIG. 9A
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Occupied high confidence N-glycosites detected in the S.
cerevisiae proteome (cont.)

Systematic Name UniprotID Standard name Occupied N-glycosites

YLR413W Q06689 Asn 194, 299

YLR450W P12684 HMG2 Asn 150

YMLO52W P54003 SUR7 Asn 47

YML130C Q03103 ERO1 Asn 53, 468

YMRO06C Q03674 PLB2 Asn 80, 193, 491

YMRO008C P39105 PLB1 Asn 78, 123, 170, 388,
513, 541

YMRO58W P38993 FET3 Asn 244, 265, 292, 359, 381

YMR200W Q03691 ROT1 Asn 139

YMR238W Q05031 DFG5 Asn 245

YMR297W P00729 PRC1 Asn 124, 479

YMR307W P22146 GAS1 Asn 40, 57, 95, 149,
165, 253, 409

YNL160W P38616 YGP1 Asn 58/61, 87, 94, 100, 106,
118,172, 239, 286

YNL327W P42835 EGT2 Asn 103, 161

YNRO67C P53753 DSE4 Asn 886

YOLO11W Q08108 PLB3 Asn 56, 82, 547

YOLO30W Q08193 GASS Asn 24, 60, 166, 299, 344

YOL154W Q12512 ZPS1 Asn 28, 57, 217

YOR320C Q12096 GNT1 Asn 425

YPL123C Q02933 RNY1 Asn 37

YPL154C P07267 PEP4 Asn 144, 345

Biochemically validated N-glycoproteins are in bold

Proteins with mapped or partially mapped N-glycosites are indicated with
underline

*Sequence ambiguity between PHO3 and PHO5

FIG. 9B
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ISOTOPIC RECODING FOR TARGETED
TANDEM MASS SPECTROMETRY

CROSS-REFERENCE

This application claims the benefit of U.S. Provisional
Patent Application No. 61/753,774 filed Jan. 17,2013, which
application is incorporated herein by reference in its entirety.

GOVERNMENT RIGHTS

This invention was made with Government support under
CA130447, GM066047 awarded by the National Institutes of
Health and W81XWH-09-01-0627 awarded by the Depart-
ment of the ARMY/MRMC. The Government has certain
rights in this invention.

INCORPORATION BY REFERENCE OF
SEQUENCE LISTING PROVIDED AS A TEXT
FILE

A Sequence Listing is provided herewith as a text file,
“BERK-204 Seql.ist_ST25.txt” created on Jan. 9, 2014 and
having a size of 56 KB. The contents of the text file are
incorporated by reference herein in their entirety.

INTRODUCTION

Post-translational modifications (PTMs) can profoundly
impact a protein’s molecular biology, and determining their
function is a grand challenge in post-genomic biology. Locat-
ing the sites of modification is often an essential first step
toward ascertaining the biological roles of PTMs, and liquid
chromatography coupled to tandem mass spectrometry (LC-
MS/MS) is well-suited for this purpose. However, the unam-
biguous assignment of PTM locations using existing LC-MS/
MS methodology is sometimes difficult to achieve,
particularly in cases involving low protein abundance or low
site occupancy. Adding to the technical challenge of site-
mapping, PTMs such as glycosylation are known to reduce
ionization efficiency and therefore, detectability via mass
spectrometry. In highly complex proteomic samples, low-
intensity ions generated from glycopeptides may be over-
looked due to instrument-dependent limitations on the rate at
which ions can be selected for fragmentation during data-
dependent acquisition.

In eukaryotes, asparagine-linked glycosylation (N-glyco-
sylation) is a PTM frequently found on proteins that are
translated into the endoplasmic reticulum (ER). Structurally
conserved N-glycan precursors are synthesized via the doli-
chol pathway and transferred onto nascent proteins; the gly-
cosylated asparagine (Asn) residues are typically found
within a subset of the polypeptide’s N-X-S/T motifs where X
is a non-proline residue. Biologically, N-glycans contribute
to the folding, trafficking, and thermodynamic stability of
proteins exposed to ER, vacuolar, and golgi lumens as well as
those destined for exposure to the extracellular milieu. The
N-glycan precursors are enzymatically edited to yield a
plethora of mature glycoforms with compositions largely
dependent on cell type and protein localization. Sometimes,
specific N-glycan structures are required for protein function,
while in other cases, N-glycans primarily contribute to pro-
tein stability and solubility. As a class, the N-glycosylation
modification is biologically essential; chemical or genetic
disruption of N-glycan biosynthesis is lethal and aberrant
N-glycosylation is associated with several human disease
states.
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Many existing LC-MS/MS approaches for mapping N-gly-
cosites depend on enzymatic removal of the entire N-glycan
following stringent sample enrichment to remove non-glyco-
sylated peptides prior to analysis. These methods rely on
detection of a 0.98 Da mass increase resulting from the enzy-
matic deamination of glycosylated Asn residues by peptide:
N-glycosidase F (PNGase F). Enzymatic deamination is
often performed in the presence of '*0-labeled water, impart-
ing a 2.98 Da mass shift to the peptide to increase confidence
in site assignment. Unfortunately, complete removal of
N-glycans with PNGase F can lead to instances of incorrectly
mapped glycosites. During the course of PNGase F treatment,
spontaneous deamination of non-glycosylated Asn residues
and other instances of PNGase F-independent incorporation
of '®0 can potentially yield false positives. This drawback has
led to the development of alternative strategies utilizing par-
tial rather than total removal of N-glycans. For instance,
treating samples with the enzyme endoglycosidase H (endo
H) preserves a single core N-acetyl-glucosamine (GlcNAc)
residue, leaving direct evidence for N-glycosylation intact.
Unfortunately, the presence of even a single sugar residue on
peptides is known to considerably suppress ionization effi-
ciency, potentially biasing data-dependent LC-MS/MS data
acquisition against glycopeptide ions. Despite this limitation,
detection of the retained glycan by LC-MS/MS provides gly-
cosite assignment instead of indirect evidence that the N-gly-
can modification once existed at a given site. There is a need
in the art for a method for detecting low-abundance ions for
tandem MS; such methods are useful in facilitating glycosite

mapping.
SUMMARY

Aspects of the present disclosure include methods for
detecting a low abundance protein and methods for isotopic
recoding. The present disclosure also provides methods for
identifying a site of glycosylation on a protein (e.g., N-gly-
cosylation).

In practicing methods according to certain embodiments of
the present disclosure, a eukaryotic cell is contacted with an
isotopic labeling composition (also referred to herein as an
“isomix”) and isotopically labeled N-glycosylated peptides
obtained from the eukaryotic cell are assessed by liquid chro-
matography-tandem mass spectrometry (LC-MS/MS). A pre-
determined isotopic pattern in the mass spectrum is identified
and amino acid sequences of the peptides containing the
predetermined isotopic pattern are determined. Systems for
identifying a predetermined isotopic pattern in complex mass
spectra are also described.

In some embodiments, a directed proteomic approach
where LC-MS/MS analysis is focused specifically on pep-
tides bearing N-glycosylation, a common PTM found in all
major phylogenetic branches of life is described. In contrast
to data-dependent methods that select a subset of relatively
intense ions for fragmentation, methods of the present disclo-
sure are specifically designed to provide intensity-indepen-
dent fragmentation priority to peptides most likely to bear
N-glycans and boost confidence in correct PTM (e.g., glyco-
sylation) site assignment. In certain instances, methods
include imparting a perturbation to an peptide isotopic enve-
lope. In certain instances, methods include imparting a per-
turbation to a peptide isotopic envelope without requiring
chemical tagging (i.e., non-natural chemical modification). In
certain instances, methods include imparting a perturbation
to a peptide isotopic envelope with chemical tagging (i.e.,
non-natural chemical modification). In certain instances,
methods include imparting a perturbation to an peptide iso-
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topic envelope by metabolic labeling. In some embodiments,
methods of the disclosure are directed to metabolically
embedding a predetermined isotopic pattern directly into
post-translational modifications (e.g., glycans). As described
in greater detail below, in certain instances the predetermined
isotopic pattern may be installed using a stoichiometrically
defined mixture of N-acetyl-glucosamine (GlcNAc) isoto-
pologs (e.g., a GIcNAc isomix). In these embodiments, the
GleNAc isotopologs are metabolically installed into structur-
ally conserved N-glycan core positions, marking them with a
uniquely identifiable isotopic pattern.

Systems for practicing the subject methods including liq-
uid chromatography, mass spectrometers and computer sys-
tems for obtaining mass spectrum, identifying a predeter-
mined isotopic pattern in the mass spectrum and determining
amino acid sequences of peptides containing the predeter-
mined isotopic pattern are also of interest. For example, sys-
tems may include liquid chromatography-tandem mass spec-
trometers for obtaining mass spectra. Furthermore, systems
may also include computer systems which contain a proces-
sor with algorithms which include instructions to assess the
mass spectra to identify a predetermined isotopic pattern of
an peptide in the mass spectra and for determining the amino
acid sequence of the peptide and the site of N-glycosylation
on the protein based on the determined amino acid sequence
of'the peptide or to receive spectra from a mass spectrometer
to identify a predetermined isotopic pattern of an peptide in
the mass spectra and for detecting a low-abundance protein
by identifying the amino acid sequence of an peptide obtained
from the low-abundance protein.

BRIEF DESCRIPTION OF THE FIGURES

FIGS. 1a-c¢ depict metabolic incorporation of a GlcNAc
isotopic labeling composition (i.e, a GlcNAc isomix) into
yeast N-glycans. (a) The dibromide triplet pattern, with a
1:2:1 relative peak intensity distribution, results from the
natural abundances of "Br and ' Br isotope pairings. (b) A
three-component GIcNAc isomix mimics the 1:2:1 peak
intensity distribution of dibromide by adjusting the concen-
tration of each synthetically made isotopolog. (¢) The
GleNAc isomix enters the gnalA yeast hexosamine biosyn-
thetic pathway via a heterologous salvage pathway. The iso-
mix signature is subsequently embedded into UDP-GlcNAc
and any glycoconjugates that utilize UDP-GIcNAc in their
construction, including the structurally conserved cores of
N-glycans. Following cell lysis, proteolysis, partial enrich-
ment of N-glycopeptides, and partial deglycosylation with
Endo H, the distinctive isotopic signatures of N-glycopep-
tides are detected computationally using pattern-matching
software. Masses of putative N-glycopeptide ions are granted
fragmentation priority in subsequent LC-MS/MS analyses
for N-glycosite identification. The N-glycan precursor illus-
trated here is composed of 2 core GlcNAc residues (squares),
9 mannose residues (white circles), and 3 glucose residues
(gray circles).

FIGS. 2a-c show the perturbing effect of a GIcNAc isomix
on a peptide’s isotopic envelope according to certain embodi-
ments of the present disclosure. (a) Simulated isotopic enve-
lopes (z=2) for the GlcNAc isomix, an unlabeled peptide
from the glycoprotein Ygpl (NSSSALNITELY (SEQ ID
NO:1)), and the same peptide labeled with the GlcNAc iso-
mix. The isotopically recoded peptide has a visually distinc-
tive distribution of peak intensities. (b) In experimental L.C-
MS data, the isotopic envelope of the precursor ion
corresponding to the NSSSALnITELY (SEQ ID NO:1) gly-
copeptide is shown. The modified Asn residue is in lowercase.
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The precursor ion that was selected from the inclusion list is
indicated and the 4 Da isolation window used for fragmenta-
tion is shown in gray. (¢) The CID fragmentation spectra and
the peptide (SEQ ID NO:2) assignment for the 758.87 ion
(lowercase n refers to the N-glycosite). Fragment ions that
lack the GlcNAc isomix (such as the y,* and bs* fragment
ions) have narrow isotopic envelopes, while fragments
including the GleNAc isomix (such as the y* and bg* frag-
ment ions) show a perturbed isotopic envelope characteristic
of the isomix signature.

FIGS. 3a-c show the ontological analysis of high confi-
dence N-glycoproteins according to certain embodiments of
the present disclosure. N-glycoproteins were categorized
according to the manually curated ontological annotations
including (a) cellular component, (b) molecular function, and
(c) biological process maintained by the Saccharomyces
Genome Database(31).

FIG. 4 shows the relative frequencies of residues surround-
ing yeast N-glycosites. Sequences (SEQ ID NO:1-2, 4-134)
of the 133 unique glycosylation sites detected by directed
LC-MS/MS are aligned on the modified Asn residue. Relative
heights of the surrounding amino acids are adjusted based on
the frequencies of their occurrence.

FIGS. 5a-e show GlcNAc isomix labeling can facilitate
directed LC-MS/MS experiments according to certain
embodiments of the present disclosure. (a) A complex mix-
ture of peptides, where some are N-glycosylated and contain
the GlcNAc isomix (boxes), is (b) separated using L.C and
full-scan mass spectra are collected. (¢) Isomix-labeled pep-
tides are identified using a pattern searching algorithm(3) and
inventoried into an (d) inclusion list (rt=retention time). (el-
3) Subsequently, the same sample is subjected to a directed
LC-MS/MS experiment where (e3) MS/MS analysis is only
performed on (e2) precursor ions defined in the inclusion list.
Data are then subjected to a database search for N-glycosite
identification.

FIGS. 6a-d show the perturbing effect of two GlcNAc
isomix residues on a peptide’s isotopic envelope. Simulated
isotopic envelopes for the Ygp1 peptide (QIIVIGGQVPIT-
NSSLTHTNYTR; SEQ ID NO:2) which contain (a) zero, (b)
one, or (¢) two GlcNAc isomix residues (modified sequons
are highlighted in red). (d) In experimental LC-MS data, we
observed a doubly-glycosylated form of the Ygpl peptide
with an isotopic envelope closely matching simulation.

FIGS. 7a-b show an example of spectral misassignment
from data-dependent analysis of an isomix-labeled sample.
(a) The isotopic envelope of a precursor ion selected for
data-dependent fragmentation lacks the characteristic
GlcNAc isomix signature, in contrast to that illustrated in
FIG. 2. The envelope’s monoisotopic peak is indicated and
the 4 Da IW is shown in gray. (b) The CID fragmentation
spectrum and SEQUEST assignment to the indicated Akll
peptide (SEQ ID NO:3) appear both statistically and visually
reasonable (XCorr=2.90, FDR<5%). However, the lack of an
isomix signature in the precursor and fragment ions serves as
a basis for rejecting the assignment.

FIGS. 8a-b show glycosite ambiguity in a peptide from
Ygpl. (a) The precursor ion isotopic envelope corresponding
to the singly-glycosylated Ygpl peptide ANGTNSTTNTT-
TAESSQL (SEQ ID NO:4) is shown. The peak selected from
the inclusion list is indicated and the 4 Da isolation window
used for fragmentation is shown in gray. The peptide contains
three potential sites for N-glycosylation. (b) The CID frag-
mentation spectrum can be plausibly assigned to either
AnGTNSTTNTTTAESSQL (SEQIDNO:4) or ANGTnSTT-
NTTTAESSQL (SEQ ID NO:4), where the lowercase n indi-
cates the glycosylated residue. Due to low signal to noise for
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fragment ions covering the peptide’s N-terminus, definitive
glycosite assignment could not be made even after close
examination of individual fragment ion envelopes.

FIGS. 9a-b depicts Table 1 which is a list of occupied high
confidence N-glycosites detected in the S. cerevisiae pro-
teome.

FIGS. 10a-# depicts Table 2 which is a list of the observed
tryptic and chymotryptic peptides containing these glycosites
and corresponding statistical indicators of quality.

DETAILED DESCRIPTION

Aspects of the present disclosure include methods for
detecting a low abundance protein in a complex mixture and
methods foridentifying a site of N-glycosylation on a protein.
In practicing methods according to certain embodiments, a
eukaryotic cell is contacted with an isotopic labeling compo-
sition and isotopically labeled N-glycosylated peptides
obtained from the eukaryotic cell are assessed by liquid chro-
matography-tandem mass spectrometry. A predetermined
isotopic pattern in the mass spectrum is identified and amino
acid sequences of the peptides containing the predetermined
isotopic pattern are determined Systems for identifying a
predetermined isotopic pattern in mass spectra and determin-
ing amino acid sequences of peptides containing the prede-
termined isotopic pattern are also described.

The present disclosure provides methods and systems for
identifying a site of N-glycosylation on a protein and for
detecting a low-abundance protein in a biological sample. In
certain embodiments the methods and systems include
embedding a uniquely identifiable isotopic signature into bio-
logical molecules (e.g., glycans) and utilizing liquid-chroma-
tography-tandem mass spectrometry to analyze one or more
aspects of the molecules.

A “biological sample” encompasses a variety of sample
types obtained from an individual and can be used in a diag-
nostic or monitoring assay. The definition encompasses blood
and other liquid samples of biological origin, solid tissue
samples such as a biopsy specimen or tissue cultures or cells
derived therefrom and the progeny thereof. The definition
also includes samples that have been manipulated in any way
after their procurement, such as by treatment with reagents,
solubilization, or enrichment for certain components, such as
polypeptides. The term “biological sample” encompasses a
clinical sample, and also includes cells in culture, cell super-
natants, cell lysates, serum, plasma, biological fluid, and tis-
sue samples. The term “biological sample” includes urine,
saliva, cerebrospinal fluid, blood fractions such as plasma and
serum, and the like. In some cases, a biological sample
includes cells or cell fractions.

Before the present invention is described in greater detail,
it is to be understood that this invention is not limited to
particular embodiments described, as such may, of course,
vary. It is also to be understood that the terminology used
herein is for the purpose of describing particular embodi-
ments only, and is not intended to be limiting, since the scope
of'the present invention will be limited only by the appended
claims.

Where a range of values is provided, it is understood that
each intervening value, to the tenth of the unit of the lower
limit unless the context clearly dictates otherwise, between
the upper and lower limits of that range is also specifically
disclosed. Each smaller range between any stated value or
intervening value in a stated range and any other stated or
intervening value in that stated range is encompassed within
the invention. The upper and lower limits of these smaller
ranges may independently be included or excluded in the
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range, and each range where either, neither or both limits are
included in the smaller ranges is also encompassed within the
invention, subject to any specifically excluded limit in the
stated range. Where the stated range includes one or both of
the limits, ranges excluding either or both of those included
limits are also included in the invention.

Unless defined otherwise, all technical and scientific terms
used herein have the same meaning as commonly understood
by one of ordinary skill in the art to which this invention
belongs. Although any methods and materials similar or
equivalent to those described herein can be used in the prac-
tice or testing of the present invention, some potential and
exemplary methods and materials may now be described. Any
and all publications mentioned herein are incorporated herein
by reference to disclose and describe the methods and/or
materials in connection with which the publications are cited.
It is understood that the present disclosure supersedes any
disclosure of an incorporated publication to the extent there is
a contradiction.

It must be noted that as used herein and in the appended
claims, the singular forms “a”, “an”, and “the” include plural
referents unless the context clearly dictates otherwise. Thus,
for example, reference to “a cell” includes a plurality of such
cells and reference to “the isotopic labeling composition”
includes reference to one or more isotopic labeling composi-
tions and equivalents thereof known to those skilled in the art,
and so forth.

It is also noted that definitions provided in one section of
this application (e.g., the “Methods” section) may also apply
to embodiments described in another section of the applica-
tion (e.g., the “Systems” section) even if a term is described as
applying to an embodiment of a particular section.

Itis further noted that the claims may be drafted to exclude
any element which may be optional. As such, this statement is
intended to serve as antecedent basis for use of such exclusive
terminology as “solely”, “only” and the like in connection
with the recitation of claim elements, or the use of a “nega-
tive” limitation.

The publications discussed herein are provided solely for
their disclosure prior to the filing date of the present applica-
tion. Nothing herein is to be construed as an admission that
the present invention is not entitled to antedate such publica-
tion by virtue of prior invention. Further, the dates of publi-
cation provided may be different from the actual publication
dates which may need to be independently confirmed. To the
extent such publications may set out definitions of a term that
conflict with the explicit or implicit definition of the present
disclosure, the definition of the present disclosure controls.

As will be apparent to those of skill in the art upon reading
this disclosure, each of the individual embodiments described
and illustrated herein has discrete components and features
which may be readily separated from or combined with the
features of any of the other several embodiments without
departing from the scope or spirit of the present invention.
Any recited method can be carried out in the order of events
recited or in any other order which is logically possible.
Methods for Identifying a Site of N-Glycosylation on a Pro-
tein and Detecting and Identitying a Low-Abundance Protein

As described above, the present disclosure provides meth-
ods for identifying a site of glycosylation on a protein and for
detecting a low-abundance protein in a biological sample. In
certain aspects the disclosure includes methods for identify-
ing a site of N-glycosylation (i.e., N-linked glycosylation).
Although the following description is directed to identifying
a site of N-glycosylation on a protein, the subject methods
may also be applicable to glycosylation broadly including
other types of glycosylation such as O-glycosylation. In cer-



US 9,410,966 B2

7

tain embodiments, the methods include embedding a
uniquely identifiable isotopic signature into biological mol-
ecules (e.g., proteins having one or more isotopically labeled
glycans) and utilizing liquid-chromatography-tandem mass
spectrometry (referred to hereafter as LC-MS/MS) to analyze
one or more aspects (e.g., the location of N-glycosites
thereon) of the molecules.

Identifying a Site of N-Glycosylation on a Protein

Disclosed methods for identifying a site of N-glycosyla-
tion on a protein may include one or more of the steps of (1)
contacting a eukaryotic cell with an isotopic labeling compo-
sition; (2) subjecting an isotopically labeled biological
sample obtained from the eukaryotic cell to LC-MS/MS; (3)
identifying a predetermined isotopic pattern in a mass spec-
trum at one or more retention times; (4) determining an amino
acid sequence of a peptide present at the one or more retention
times; and (5) identifying the site of N-glycosylation on the
protein based on the determined peptide sequence.

The terms “protein”, and “polypeptide,” as used herein,
refer to a peptide-linked chain of amino acids, regardless of
post-translational modification, e.g., glycosylation or phos-
phorylation. Thus the term protein does not refer to a single
entity, rather it encompasses proteins resulting from post-
translational modifications and N- and/or C-terminal process-
ing of the same gene product. In some instances, a protein is
an amino acid chain longer than 25 amino acid residues in
length.

As referred to herein, the term “peptide”, means a chain of
amino acids which may be a portion or fragment of a protein
and in certain instances, is less than about 25 amino acid
residues in length. For example, a plurality of peptides are
produced by proteolytic fragmentation of a protein (e.g.,
treatment with chymotrypsin or trypsin).

The phrase “site of N-glycosylation™, as used herein, refers
to any site on a protein where N-glycosylation may occur
(i.e., N-glycosites). In some aspects, N-glycosylation occurs
at a site on a protein where a sugar molecule attaches (i.e.,
binds) to a nitrogen atom in an amino acid residue of the
protein. For example N-glycosylation may be where Asn
residues in a protein are attached to a carbohydrate through a
nitrogen atom (i.e., N-glycosites). N-glycosylation may
occur, for example, on a eukaryotic protein (i.e., a protein of
a eukaryotic cell).

As referred to herein, the term “eukaryotic cell” is used in
its conventional sense to refer to one or more cells obtained
from multi-cell organisms such animals, plants, fungi and
yeast. As such, eukaryotic cells may include but are not lim-
ited to those obtained from yeast, fungi, plants, and animals
including humans and other primates, including non-human
primates such as chimpanzees and other apes and monkey
species; farm animals such as cattle, sheep, pigs, goats and
horses; domestic mammals such as dogs and cats; laboratory
animals including rodents such as mice, rats and guinea pigs;
birds, including domestic, wild and game birds such as chick-
ens, turkeys and other gallinaceous birds, ducks, geese, and
the like. In certain embodiments, eukaryotic cells include
those obtained from a human being.

FIG. 1. presents a diagram illustrating one embodiment of
certain aspects of the methods disclosed herein. Various steps
and aspects of the methods shall now be described in greater
detail below.

Administration of Isotopic Labeling Composition

As noted above, the present disclosure provides methods
for identifying a site of N-glycosylation on a protein which, in
certain embodiments, includes contacting a eukaryotic cell
with an isotopic labeling composition.
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The term “contacting” is used herein in its conventional
sense to refer to placing two or more aspects in proximity or
providing an interaction or communication between two or
more aspects. For example, contacting may mean exposing
(e.g., incubating with and/or allowing direct physical contact
between) one aspect (e.g., an isotopic labeling composition)
to another aspect (a cell). Contacting may also mean, for
example, allowing one aspect to integrate with and/or pen-
etrate and/or chemically react with another aspect.

The phrase “isotopic labeling composition”, as used
herein, refers to a chemical composition that can be used for
isotopic labeling and is, in some instances, referred to as an
“isomix”. In some embodiments, an isotopic labeling com-
position is a composition that imparts sufficient perturbation
to a peptide’s isotopic envelope such that a successful tar-
geted LC-MS/MS analysis may be conducted. An isotopic
labeling composition can include 2 or more isotopic labels, 3
ormore isotopic labels, 4 or more isotopic labels, or 5 or more
isotopic labels. An isotopic labeling composition can include
2,3, 4,5, or more isotopic labels.

As used herein, the phrase “isotopic labeling” refers to one
ormore techniques or processes for tracking the passage of an
isotope or atom with a variation through a metabolic pathway,
cell or reaction. In some aspects, isotopic labeling includes
replacing specific atoms of a reactant with their isotopes. In
some aspects, isotopic labeling includes producing one or
more isotopic labels. As used herein, the phrase “isotopic
label” means a molecule (e.g., a sugar molecule) having at
least one atom that has been replaced by an atom enriched in
a specific isotope of that atom that differs from the natural
abundance of isotopes of that atom (e.g., a detectable iso-
tope). Isotopic labeling may also include detecting the pres-
ence and/or absence of one or more isotopic labels in a
sample. In some embodiments, isotopic labels do not contain
any halogen (e.g., bromine or chlorine) atoms.

In certain versions of the disclosed methods, contacting the
eukaryotic cell with an isotopic labeling composition
includes incubating the eukaryotic cell with a composition
(i.e., an isotopic labeling composition) composed of one or
more isotopic labels (e.g., one, two, three, four or five isotopic
labels). As used herein, the term “incubating” means expos-
ing an aspect (e.g., one or more cells) to a set of conditions
(e.g., environmental conditions such as temperature and/or
pressure) and/or placing an aspect in a specific physical loca-
tion (e.g., a location where the aspect is exposed to one or
more chemical compositions) for a length of time in order to
produce a desired result (e.g., integration of at least one iso-
topic label into a biosynthetic pathway).

In particular embodiments of the disclosed methods, con-
tacting the eukaryotic cell with an isotopic labeling compo-
sition includes metabolically embedding an isotopic signa-
ture into one or more molecules (e.g., glycans). By
“metabolically embedding”, as used herein, is meant insert-
ing an aspect (e.g., one or more isotopic labels) into one or
more metabolic processes (e.g., metabolic processes occur-
ring within a eukaryotic cell). In some aspects, metabolic
processes are associated with a glycan biosynthetic pathway
(e.g., the gnalA yeast hexosamine biosynthetic pathway). As
used herein, the term “glycan” refers to a polysaccharide or
oligosaccharide.

In some instances, an isotopic signature includes a detect-
able characteristic of an isotopic label incorporated (e.g.,
metabolically embedded) into one or more molecules. In
some aspects, metabolically embedding an isotopic signature
does not include chemical tagging using one or more haloge-
nated (e.g., dibrominated or dichlorinated) chemical tags. In
some instances, an isotopic signature includes a detectable
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stoichiometric ratio of two or more isotopic labels. In some
embodiments, an isotopic signature includes a detectable sto-
ichiometric ratio of two or more isotopic labels that is unnatu-
ral. In particular embodiments, an isotopic signature is detect-
able by LC-MS/MS. In various instances, an isotopic
signature is embedded into one or more molecules (e.g.,
glycans) within a eukaryotic cell. In some versions of the
methods, an isotopic signature is metabolically embedded
into a glycan core. In some aspects, an isotopic signature is
embedded into one or more molecules by metabolically
incorporating a defined mixture of N-acetylglucosamine iso-
topologs into N-glycans.

In various aspects of the disclosed methods, isotopic labels
include, for example, N-acetyl-D-glucosamine, having the
structure:

OH

HO

HO N\ sOH

CH

NH

/
H;C—C

¢}

In particular versions of the disclosed methods, isotopic
labels include, for example, N-[1,2-'3C,]acetyl-D-glucos
amine, having the structure:

OH
(0]
HO \ oH
HO CHJ“‘
NH
/
H;Bc—15¢
0]

In some aspects of the disclosed methods, isotopic labels
include, for example, N-[1,2-'C,Jacetyl-D-[1->C;'*N]glu-
cosamine, having the structure:

OH
HO oH
w
HO Bey
SN
H;Bc—13¢
(0]

In select aspects of the disclosed methods, isotopic labels
include N-acetyl-D-glucosamine, N-[1,2-'*C,]acetyl-D-glu-
cosamine and N-[1,2-*C,lacetyl-D-[1-'*C; '°N]glu-
cosamine.

In some embodiments of the disclosed methods, isotopic
labeling compositions include two isotopic labels. For
example, in certain aspects, isotopic labeling compositions
include two out of the three isotopic labels, N-acetyl-D-
glucosamine, N-[1,2-'°C,]acetyl-D-glucosamine and N-[1,
2-13C, Jacetyl-D-[1-3C;*N]glucosamine, but not the third
isotopic label.
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In particular versions of the disclosed methods, isotopic
labeling compositions include particular stoichiometric
ratios of components thereof (e.g., isotopic labels). For
example, isotopic labeling compositions composed of two or
more components (e.g., isotopic labels) may include a sto-
ichiometric ratio (e.g., molar ratio) of components of, for
example, 1:1; 1:2; 1:3; 1:4; 1:5; 1:6; 1:7; 1:8; 1:9; 1:10; 1:11;
1:12;1:13;1:14;1:15; 1:16; 1:17; 1:18; 1:19; or 1:20; etc. In
various aspects, stoichiometric ratios of components of iso-
topic labeling compositions are measurable by a process (e.g.,
LC-MS/MS).

In some embodiments, isotopic labeling compositions
composed of three or more components (e.g., isotopic labels)
include a stoichiometric ratio of those components of, for
example, 1:1:1; 1:2:1; 1:3:1; 1:4:1; 1:5:1; 1:6:1; 1:7:1; 1:8:1;
1:9:1; 1:10:1; 1:2:2; 1:3:2; 1:4:2; 1:5:2; 1:6:2; 1:7:2; 1:8:2;
1:9:2;0r1:10:2; 1:2:3; 1:3:3; 1:4:3; 1:5:3; 1:6:3; 1:7:3; 1:8:3;
1:9:3; or 1:10:3; etc. In some versions, isotopic labeling com-
positions include a stoichiometric ratio of 1:2:1 of N-acetyl-
D-glucosamine, N-[1,2-'3C,]acetyl-D-glucosamine and
N-[1,2-13C, Jacetyl-D-[1-3C;*N]glucosamine, respec-
tively. In particular aspects, isotopic labeling compositions
include a stoichiometric ratio of N-acetyl-D-glucosamine,
N-[1,2-1*C, ]acetyl-D-glucosamine and N-[1,2-'°C,]acetyl-
D-[1-'3*C;"°N]glucosamine in one or more of the above-listed
ratios and in any possible combination or order.

As discussed above, the present disclosure provides meth-
ods for identifying a site of N-glycosylation on a protein
which, in certain embodiments, includes subjecting an isoto-
pically labeled biological sample obtained from the eukary-
otic cell to LC-MS/MS. In some aspects, the biological
sample obtained from the eukaryotic cell includes N-glyco-
sylated proteins. By “N-glycosylated proteins” is meant pro-
teins to which a sugar (e.g., glycan) molecule has attached to
a nitrogen atom in an amino acid residue of the protein. By
biological sample is meant a portion of biological (e.g.,
organic) material (e.g., protein) taken from a biological
source (e.g., a eukaryotic cell) which, in some aspects, may be
isotopically labeled. As such, the biological sample may
include one or more different proteins, such as 2 or more
different proteins, such as 5 or more different proteins, such
as 10 or more different proteins, such as 50 or more different
proteins, such as 100 or more different proteins, such as 1000
or more different proteins, and including 5000 or more dif-
ferent proteins.

In some instances, N-glycosylated proteins include one or
more (e.g., two or three) isotopic labels (e.g., N-acetyl-D-
glucosamine, and/or N-[1,2-'3C,]acetyl-D-glucosamine,
and/or N-[1,2-13C,Jacetyl-D-[*C;'°N]glucosamine).

Certain aspects of the disclosed methods include produc-
ing peptides from N-glycosylated proteins (e.g., isotopically
labeled N-glycosylated proteins). Particular aspects of the
disclosed methods include producing peptides from N-gly-
cosylated proteins having one or more (e.g., two or three)
isotopic labels (e.g., N-acetyl-D-glucosamine, and/or N-[1,
2-13C, Jacetyl-D-glucosamine, and/or N-[1,2-!*C,Jacetyl-D-
[1-'3C;**N]glucosamine). In various embodiments, produc-
ing peptides from N-glycosylated proteins includes
contacting N-glycosylated proteins with trypsin and/or chy-
motrypsin, however any convenient protocol for digesting a
protein to produce peptide fragments for sequencing may be
employed as desired.

Applying Liquid-Chromatography-Tandem Mass Spectrom-
etry to Analyze a Biological Sample

The present disclosure provides methods for identifying a
site of N-glycosylation on a protein which, in some embodi-
ments, includes subjecting an isotopically labeled biological
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sample obtained from a eukaryotic cell to liquid-chromatog-
raphy-tandem mass spectrometry (LC-MS/MS). In some
aspects, subjecting an isotopically labeled biological sample
obtained from the eukaryotic cell to liquid-chromatography-
tandem mass spectrometry (LC-MS/MS) includes selecting a
portion of the biological sample for fragmentation and sub-
jecting to fragmentation that selected portion. In some
instances, the methods include selecting a portion of a bio-
logical sample for fragmentation based, at least in part, on the
retention time of that portion (i.e., the retention time of that
portion in a liquid chromatography process). The systems and
operation of LC-MS/MS are described in more detail below.

Various embodiments of the methods include identifying a
predetermined isotopic pattern in a mass spectrum at one or
more retention times (i.e., retention times of a liquid chroma-
tography process). A predetermined isotopic pattern may cor-
respond, for example, to any of the stoichiometric ratios of the
isotopic labeling compositions listed above.

In certain variations of the methods, identitying a prede-
termined isotopic pattern includes identifying a peak inten-
sity ratio in the mass spectrum. For example, in some embodi-
ments, identitying a predetermined isotopic pattern includes
identifying a 1:2:1 peak intensity ratio in the mass spectrum.
In some aspects, an identifiable peak intensity ratio in a mass
spectrum may correspond to a stoichiometric ratio of two or
more isotopic labels. In various embodiments, a 1:2:1 peak
intensity ratio identified in the mass spectrum corresponds to
a stoichiometric ratio of 1:2:1 of N-acetyl-D-glucosamine, to
N-[1,2-1*C,]acetyl-D-glucosamine, to N-[1,2-'°C,]acetyl-
D-[1-3C;"*N]glucosamine, present in a sample.

Particular embodiments of the disclosed methods include
determining an amino acid sequence of a peptide present at
one or more retention times (i.e., retention times of a liquid
chromatography process). Determining an amino acid
sequence of a peptide may be achieved by any of the methods
described herein or by other suitable methods. In various
embodiments of the methods, retention times corresponding
to amino acid sequences that are determined are selected
based on the identification of a predetermined isotopic pattern
using mass spectrometry.

Select aspects of the methods include identifying a site of
N-glycosylation on a protein based on an amino acid
sequence (e.g., a determined amino acid sequence) of a pep-
tide present at one or more retention times (i.e., retention
times of a liquid chromatography process).

Particular embodiments of the disclosed methods include
generating an inclusion list of peptides having a mass spec-
trum that contains a predetermined isotopic pattern. In some
embodiments, a predetermined isotopic pattern is an isotopic
pattern corresponding to any of the stoichiometric ratios of
the isotopic labeling compositions listed above. In various
embodiments, a predetermined isotopic pattern is a 1:2:1
peak intensity ratio corresponding to a stoichiometric ratio of
1:2:1 of N-acetyl-D-glucosamine, to N-[1,2-'3C,]acetyl-D-
glucosamine, to N-[1,2-'3C,Jacetyl-D-[1-*C;**N]glu-
cosamine.

In various instances, the disclosed methods include gener-
ating an inclusion list of peptides having a mass spectrum that
contains a predetermined isotopic pattern and determining an
amino acid sequence for each of the peptides on the inclusion
list. As noted above, the inclusion list is a compilation or
listing of one or more of 1) peptides (e.g., by standard name,
UNIPROT ID or systematic name), 2) n/z values from a mass
spectrometer, 3) m/z and retention time window and 4) m/z
and retention time window and ion abundance which have
been identified as having mass spectra containing a predeter-
mined isotopic pattern as described above. The inclusion list
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may include any number of peptides, depending on the bio-
logical sample and may include 1 or more peptides, such as 2
or more peptides, such as 5 or more peptides, such as 10 or
more peptides, such as 25 or more peptides, such as 50 or
more peptides, such as 100 or more peptides, and including
250 or more peptides. As desired, one or more of the peptides
onthe inclusion list may be further subjected to determination
of'amino acid sequence and/or site of N-glycosylation. Deter-
mining an amino acid sequence of a peptide (e.g., one or more
peptides on an inclusion list) may be achieved by any of the
methods described herein or by other suitable methods, as
described below.

Detecting Low-Abundance Proteins

Aspects of the present disclosure also include methods for
detecting a low-abundance protein in a biological sample.
Methods for detecting a low-abundance protein in a biologi-
cal sample may include one or more of the steps of (1) con-
tacting a eukaryotic cell with an isotopic labeling composi-
tion; (2) subjecting an isotopically labeled biological sample
obtained from the eukaryotic cell to liquid-chromatography-
tandem mass spectrometry (LC-MS/MS); and (3) identifying
apredetermined isotopic pattern in a mass spectrum at one or
more retention times of the liquid chromatograph to thereby
detect the presence of the low-abundance protein in the bio-
logical sample.

The phrase “low-abundance protein”, as used herein, refers
to one or more proteins present in a sample in a sufficiently
low quantity that they may be difficult to detect by some
methods (e.g., LC-MS/MS approaches that select only the
most intense ions in a given sample for fragmentation and/or
further analysis). Low abundance proteins have a concentra-
tion that is less than that of high abundance proteins. For
example, low abundance proteins may have a concentration
of less than 100 ng/ml, such as less than 75 ng/mL, such as
less than 50 ng/ml. and including less than 25 ng/mlL. in a
biological sample. In other embodiments low abundance pro-
teins are present in a biological sample containing a mixture
of proteins in an amount that is less than or equal to 1000
pg/mg of total protein in the biological sample, such as 750
pg/mg, such as 500 pg/mg and including equal to or less than
250 pg/mg of total protein in the biological sample. In certain
instances, methods of the present disclosure include detecting
and identifying low abundance proteins in a biological
sample present in an amount that is equal to or less than 100
pg/mg of total protein, less than 50 pg/mg of total protein, or
less than 10 pg/mg total protein.

Administration of Isotopic Labeling Composition

As noted above, various methods for detecting low-abun-
dance protein in a biological sample include contacting a
eukaryotic cell with an isotopic labeling composition. In cer-
tain embodiments of the disclosed methods, contacting the
eukaryotic cell with an isotopic labeling composition
includes incubating the eukaryotic cell with a composition
(i.e., the isotopic labeling composition) composed of one or
more isotopic labels (e.g., one, two, three, four or five isotopic
labels). For example, the methods may include contacting a
eukaryotic cell with an isotopic labeling composition
composed of one or more of N-acetyl-D-glucosamine, N-
[1,2-13C,]acetyl-D-glucosamine, and N-[1,2-*C,]acetyl-D-
[1-'3C;**N]glucosamine. In some embodiments, isotopic
labeling compositions include a stoichiometric ratio of 1:2:1
of N-acetyl-D-glucosamine, N-[1,2-'*C,]acetyl-D-glu-
cosamine  and  N-[1,2-*C,]acetyl-D-[1-*C;**N]glu-
cosamine, respectively.

The present disclosure provides methods for identifying a
site of N-glycosylation on a protein which, in certain embodi-
ments, includes subjecting an isotopically labeled biological
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sample obtained from the eukaryotic cell to LC-MS/MS. In
some aspects, the biological sample obtained from the
eukaryotic cell includes N-glycosylated proteins. In some
aspects of the disclosed methods, N-glycosylated proteins
include one or more (e.g., two or three) isotopic labels (e.g.,
N-acetyl-D-glucosamine, and/or N-[1,2-*C,]acetyl-D-glu-
cosamine, and/or N-[1,2-'3C,Jacetyl-D-[1-*C;*N]glu-
cosamine).

Particular versions of the disclosed methods of identifying
low-abundance proteins include producing peptides from
N-glycosylated proteins (e.g., isotopically labeled N-glyco-
sylated proteins). Various aspects of the disclosed methods
include producing peptides from N-glycosylated proteins
having one or more (e.g., two or three) isotopic labels (e.g.,
N-acetyl-D-glucosamine, and/or N-[1,2-*C,]acetyl-D-glu-
cosamine, and/or N-[1,2-'3C,Jacetyl-D-[1-*C;*N]glu-
cosamine). In various embodiments, producing peptides from
N-glycosylated proteins includes contacting N-glycosylated
proteins with trypsin and/or chymotrypsin, however any con-
venient protocol for digesting a protein to produce peptide
fragments for sequencing may be employed as desired.
Applying Liquid-Chromatography-Tandem Mass Spectrom-
etry to Analyze a Biological Sample

Some aspects of the methods include subjecting an isoto-
pically labeled biological sample obtained from a eukaryotic
cellto LC-MS/MS. For example, aspects of the methods may
include subjecting a biological sample obtained from a
eukaryotic cell and isotopically labeled with a an isotopic
labeling composition composed of one or more of N-acetyl-
D-glucosamine, N-[1,2-13C,Jacetyl-D-glucosamine, and
N-[1,2-1*C,]acetyl-D-[1-3C;*N]glucosamine in a set sto-
ichiometric ratio (e.g., 1:2:1, respectively) to LC-MS/MS.

Select embodiments of the disclosed methods for detecting
a low-abundance protein include identifying a predetermined
isotopic pattern in a mass spectrum at one or more retention
times to thereby detect the presence of the low-abundance
protein in the biological sample. In some embodiments, for
example, identifying a predetermined isotopic pattern
includes identifying a 1:2:1 peak intensity ratio in the mass
spectrum. In some instances, an identifiable peak intensity
ratio in a mass spectrum may correspond to a stoichiometric
ratio of two or more isotopic labels. In various embodiments,
a 1:2:1 peak intensity ratio identified in the mass spectrum
corresponds to a stoichiometric ratio of 1:2:1 of N-acetyl-D-
glucosamine, to N-[1,2-'3C,]acetyl-D-glucosamine, to N-[1,
2-13C,lacetyl-D-[1-13C;'*N]glucosamine, present in a
sample.

Particular instances of the disclosed methods include
determining an amino acid sequence of a protein (e.g., a
low-abundance protein). Determining an amino acid
sequence of a peptide may be achieved by any of the methods
described herein or by other suitable methods.

Some versions of the disclosed methods for detecting a
low-abundance protein include generating an inclusion list of
peptides having a mass spectrum that contains a predeter-
mined isotopic pattern. In some embodiments, a predeter-
mined isotopic pattern is an isotopic pattern corresponding to
any of the stoichiometric ratios of the isotopic labeling com-
positions listed above. In various embodiments, a predeter-
mined isotopic pattern is a 1:2:1 peak intensity ratio corre-
sponding to a stoichiometric ratio of 1:2:1 of N-acetyl-D-
glucosamine, to N-[1,2-'*C,]acetyl-D-glucosamine, to N-[1,
2-13C, Jacetyl-D-[1-13C;'*N]glucosamine.

In select embodiments, the disclosed methods include gen-
erating an inclusion list of peptides having a mass spectrum
that contains a predetermined isotopic pattern and determin-
ing an amino acid sequence for each of the peptides on the
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inclusion list. As noted above, the inclusion list is a compila-
tion or listing of one or more of 1) peptides (e.g., by standard
name, UNIPROT ID or systematic name), 2) m/z values from
amass spectrometer, 3) m/z and retention time window and 4)
n/z and retention time window and ion abundance which
have been identified as having mass spectra containing a
predetermined isotopic pattern as described above. The inclu-
sion list may include any number of peptides, depending on
the biological sample and may include 1 or more peptides,
such as 2 or more peptides, such as 5 or more peptides, such
as 10 or more peptides, such as 25 or more peptides, such as
50 or more peptides, such as 100 or more peptides, and
including 250 or more peptides. As desired, one or more of the
peptides on the inclusion list may be further subjected to
determination of amino acid sequence. As noted above, deter-
mining an amino acid sequence of a peptide (e.g., one or more
peptides on an inclusion list) may be achieved by any of the
methods described herein or by other suitable methods.

Systems for Identifying a Site of N-Glycosylation on a Pro-
tein and Detecting and Identitying a Low-Abundance Protein

Aspects of the present disclosure also include systems for
practicing the subject methods including liquid chromatog-
raphy, mass spectrometers and computer systems for obtain-
ing mass spectrum, identifying a predetermined isotopic pat-
tern in the mass spectra and determining amino acid
sequences of peptides containing the predetermined isotopic
pattern. Furthermore, systems may also include algorithms
which include instructions to assess the mass spectra to iden-
tify a predetermined isotopic pattern of an peptide in the mass
spectra and for determining the amino acid sequence of the
peptide and the site of N-glycosylation on the protein based
on the determined amino acid sequence of the peptide or to
receive spectra from a mass spectrometer to identity a prede-
termined isotopic pattern of an peptide in the mass spectra and
for detecting a low-abundance protein by determining the
amino acid sequence of an peptide obtained from the low-
abundance protein.

As described above, systems of the present disclosure may
include liquid chromatography-mass spectrometry systems.
For example, the apparatus may include analytical separation
device such as a liquid chromatograph (L.C), including a high
performance liquid chromatograph (HPLC), a micro- or
nano-liquid chromatograph or an ultra high pressure liquid
chromatograph (UHPLC) device, a capillary electrophoresis
(CE), or a capillary electrophoresis chromatograph (CEC)
apparatus. However, any manual or automated injection or
dispensing pump system may be used. For instance, a bio-
logical sample having a protein sample according to the sub-
ject methods may be applied to the LC-MS system by
employing a nano- or micropump in certain embodiments.

Mass spectrometry systems employed in the subject meth-
ods may be any convenient mass spectrometer, including, but
not limited to a matrix assisted laser desorption ionization
(MALDI) operated in vacuum or at atmospheric pressure
(AP-MALDI), electrospray ionization (ESI), chemical ion-
ization (CI) operated in vacuum or at atmospheric pressure
(APCI) or inductively coupled plasma (ICP), among others.
Suitable mass spectrometry techniques include, but are not
limited to, matrix-assisted laser desorption/ionization com-
bined with time-of-flight mass analysis (MALDI-TOF MS)
or electrospray ionization mass spectrometry (ESI MS). In
certain embodiments, the mass spectrometric system is a
tandem mass spectrometer and peptide fragmentation pat-
terns are screened over available databases to determine the
amino acid sequence of the subject peptides.

Methods for employing mass spectrometry for amino acid
sequencing is discussed in greater detail in, e.g., End et al.,
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“An Approach to Correlate Tandem Mass Spectral Data of
Peptides with Amino Acid Sequences in a Protein Database”,
J. Am. Soc. Mass Spectrom., 5:976-989, 1994; Swiderek K. et
al. “The identification of peptide modifications derived from
gel-separated proteins using electrospray triple quadrupole
and ion trap analyses”, Electrophoresis, 19:989-997, 1998;
and Keough T. et al. “A method for high-sensitivity peptide
sequencing using postsource decay matrix-assisted laser des-
orption ionization mass spectrometry”, Proc. Natl. Acad. Sci.
USA, 96:7131-7136, 1999, the disclosures of which are
herein incorporated by reference. Methods for employing
mass spectrometry for amino acid sequencing is also dis-
cussed in greater detail in, e.g., Aebersold, R. & Mann, M.
Mass spectrometry-based proteomics. Nature 422, 198-207
(2003); Steen, H. & Mann, M. The ABC’s (and XYZ’s) of
peptide sequencing. Nat Rev Mol Cell Biol 5, 699-711 (2004);
Eng, J. K., Searle, B. C., Clauser, K. R. & Tabb, D. L.. A face
in the crowd: recognizing peptides through database search.
Mol Cell Proteomics 10,R111 009522 (2011), the disclosures
of which are herein incorporated by reference.

A computer system having algorithm is used to identify
peptides having a predetermined isotopic pattern and to deter-
mine the sequence of amino acids of peptides determined to
include the desired isotopic pattern.

In one embodiment the mass spectrometric technique is
tandem mass spectrometry and the amino acid sequence of
the identified peptides is determined. In some instances, a
peptide entering the tandem mass spectrometer is selected
and subjected to collision induced dissociation (CID). The
spectra of a resulting fragment ion is recorded in the second
stage of mass spectrometry (i.e., CID spectrum). In some
instances, a peptide entering the tandem mass spectrometer is
selected and subjected to electron transfer dissociation
(ETD). This process may be repeated with other peptides
selected to be included in the peptide inclusion list, described
above. Alternatively, the peptides may be separated and puri-
fied and their sequences determined with an automated
sequencet.

Where peptides are separated, purified and determined
employing an automated sequencer, any convenient chro-
matographic protocol may be employed, including but not
limited to high pressure liquid chromatography (HPLC),
reverse-phase high pressure liquid chromatography (RP-
HPLC), gel electrophoresis, capillary electrophoresis (CE),
or other suitable chromatographic techniques. Likewise, any
convenient automated peptide sequencer may be employed.

As described above, after determining the amino acid
sequence of the identified peptides, a computer program can
beused to determine the location on protein where the peptide
originated, such as for example to determine the site of N-gly-
cosylation. For example, protein sequences which can be
employed to determine the location of N-glycosylation iden-
tified by the subject methods may include internet-accessible
proteome databases is the Expert Protein Analysis System
(ExPASy), available online at www(dot)expasy(dot)ch. Sev-
eral databases in FASTA (ASCII text) format with protein
sequence information can be accessed with standard web-
browsing software over the world wide web (WWW). These
include, for example, the SWISS—PROT data base (www
(dot)expasy(dot)ch) and OWL database www(dot)biochem
(dot)ucl dot)ac(dot)uk/bsm/dbbrowser/OWL/OWL(dot)
html). Other protein databases include Incyte Genomics’
Yeast Protein Database (YPD), WormPD, HumanPSD and
G-Protein Coupled Receptor Protein Database (GPCR-PD),
to cite a few (See: www(dot)incyte(dot)com/sequence/pro-
teome/index(dot)shtml). Likewise, database searching can be
carried out with computer-assisted database search programs,
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such as SEQUEST (Trademark, University of Washington,
Seattle Wash.). See, for example, McCormack, A. L. et al.
“Direct Analysis and Identification of Proteins in Mixtures by
LC/MS/MS and Database Searching at the Low-Femtomole
Level”, Anal. Chem., 69:767-776, 1996; Eng, J. K. et al. “An
Approach to Correlate Tandem Mass Spectral Data of Pep-
tides with Amino Acid Sequences in a Protein Database™ J.
Amer. Soc. Mass. Spectrom., 5:976-989,1994; Yates, [l etal.,
U.S. Pat. No. 5,538,897, and Aebersold et al., WO 01/96869.
For example, such program can operate to take all known
genomic sequences, compute all possible theoretical CID
spectra and compare them to experimental CID spectra for
matches and sequence identification.

In certain embodiments, systems also include a computer
that includes a computer readable storage medium having a
computer program stored thereon, where the computer pro-
gram when loaded on a computer operates the computer to:
receive spectra from a mass spectrometer and includes a
processor to assess the mass spectra to identify a predeter-
mined isotopic pattern of an peptide in the mass spectra and
for determining the amino acid sequence of the peptide and
the site of N-glycosylation on the protein based on the deter-
mined amino acid sequence of the peptide. In other embodi-
ments, systems include a computer that includes a computer
readable storage medium having a computer program stored
thereon, where the computer program when loaded on a com-
puter operates the computer to: receive spectra from a mass
spectrometer and includes a processor to assess the mass
spectra to identify a predetermined isotopic pattern of an
peptide in the mass spectra and for detecting a low-abundance
protein by determining the amino acid sequence of an peptide
obtained from the low-abundance protein.

In embodiments of the present disclosure, the system
includes an input module, a processing module and an output
module. In some embodiments, the subject systems may
include an input module which is connected to the Internet
such that data from mass spectra may be inputted from a
remote location. The processing module includes memory
having a plurality of instructions for assessing mass spectra.
The processing module is also configured with an algorithm
for determining an amino acid sequence of an peptide and
determining the site of N-glycosylation on the protein based
on the determined amino acid sequence. For example, the
processor is configured with memory with instructions to
perform the steps as described above to identify a predeter-
mined isotopic pattern of an peptide in a mass spectrum,
determine the amino acid sequence of the peptide containing
the predetermined isotopic pattern and to determine the site of
N-glycosylation on the protein based on the determined
amino acid sequence.

After the processing module has assessed mass spectra, an
output module communicates the results to the user, such as
by displaying on a monitor or by printing a report or an
inclusion list of peptides and/or the sites of N-glycosylation
on the protein of interest.

The subject systems may include both hardware and soft-
ware components, where the hardware components may take
the form of one or more platforms, e.g., in the form of servers,
such that the functional elements, i.e., those elements of the
system that carry out specific tasks (such as managing input
and output of information, processing information, etc.) of
the system may be carried out by the execution of software
applications on and across the one or more computer plat-
forms represented of the system.

Systems may include a display and operator input device.
Operator input devices may, for example, be a keyboard,
mouse, or the like. The processing module includes a proces-
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sor which has access to a memory having instructions stored
thereon for evaluating the inputted mass spectra and identi-
fying a predetermined isotopic pattern of an peptide in a mass
spectrum, determining the amino acid sequence ofthe peptide
containing the predetermined isotopic pattern and determin-
ing the site of N-glycosylation on the protein based on the
determined amino acid sequence. The processing module
may include an operating system, a graphical user interface
(GUI) controller, a system memory, memory storage devices,
and input-output controllers, cache memory, a data backup
unit, and many other devices. The processor may be a com-
mercially available processor or it may be one of other pro-
cessors that are or will become available. The processor
executes the operating system and the operating system inter-
faces with firmware and hardware in a well-known manner,
and facilitates the processor in coordinating and executing the
functions of various computer programs that may be written
in a variety of programming languages, such as Java, Pert,
C++, other high level or low level languages, as well as
combinations thereof, as is known in the art. The operating
system, typically in cooperation with the processor, coordi-
nates and executes functions of the other components of the
computer. The operating system also provides scheduling,
input-output control, file and data management, memory
management, and communication control and related ser-
vices, all in accordance with known techniques.

The system memory may be any of a variety of known or
future memory storage devices. Examples include any com-
monly available random access memory (RAM), magnetic
medium such as a resident hard disk or tape, an optical
medium such as a read and write compact disc, flash memory
devices, or other memory storage device. The memory stor-
age device may be any of'a variety of known or future devices,
including a compact disk drive, atape drive, a removable hard
disk drive, or a diskette drive. Such types of memory storage
devices typically read from, and/or write to, a program stor-
age medium (not shown) such as, respectively, a compact
disk, magnetic tape, removable hard disk, or floppy diskette.
Any of these program storage media, or others now in use or
that may later be developed, may be considered a computer
program product. As will be appreciated, these program stor-
age media typically store a computer software program and/
or data. Computer software programs, also called computer
control logic, typically are stored in system memory and/or
the program storage device used in conjunction with the
memory storage device.

In some embodiments, a computer program product is
described comprising a computer usable medium having con-
trol logic (computer software program, including program
code) stored therein. The control logic, when executed by the
processor the computer, causes the processor to perform
functions described herein. In other embodiments, some
functions are implemented primarily in hardware using, for
example, a hardware state machine. Implementation of the
hardware state machine so as to perform the functions
described herein will be apparent to those skilled in the rel-
evant arts.

Memory may be any suitable device in which the processor
can store and retrieve data, such as magnetic, optical, or solid
state storage devices (including magnetic or optical disks or
tape or RAM, or any other suitable device, either fixed or
portable). The processor may include a general purpose digi-
tal microprocessor suitably programmed from a computer
readable medium carrying necessary program code. Pro-
gramming can be provided remotely to processor through a
communication channel, or previously saved in a computer
program product such as memory or some other portable or
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fixed computer readable storage medium using any of those
devices in connection with memory. For example, a magnetic
or optical disk may carry the programming, and can be read
by a disk writer/reader. Systems of the invention also include
programming, e.g., in the form of computer program prod-
ucts, algorithms for use in practicing the methods as
described above. Programming according to the present dis-
closure can be recorded on computer readable media, e.g.,
any medium that can be read and accessed directly by a
computer. Such media include, but are not limited to: mag-
netic storage media, such as floppy discs, hard disc storage
medium, and magnetic tape; optical storage media such as
CD-ROM,; electrical storage media such as RAM and ROM;
and hybrids of these categories such as magnetic/optical stor-
age media.

The processor may also have access to a communication
channel to communicate with a user at a remote location By
remote location is meant the user is not directly in contact
with the system and relays input information to an input
manager from an external device, such as a computer con-
nected to a Wide Area Network (“WAN”), telephone network,
satellite network, or any other suitable communication chan-
nel, including a mobile telephone (e.g., a smartphone). In
these embodiments, input manager receives information, e.g.,
mass spectra, from a user, e.g., over the Internet, telephone or
satellite network. Input manager processes and forwards this
information to the processing module. These functions are
performed using any convenient technique.

Output controllers may include controllers for any of a
variety of known display devices for presenting information
to a user, whether a human or a machine, whether local or
remote. If one of the display devices provides visual infor-
mation, this information typically may be logically and/or
physically organized as an array of picture elements. A
graphical user interface (GUI) controller may include any of
avariety of known or future software programs for providing
graphical input and output interfaces between the system and
a user, and for processing user inputs. The functional ele-
ments of the computer may communicate with each other via
system bus. Some of these communications may be accom-
plished in alternative embodiments using network or other
types of remote communications. The output manager may
also provide information generated by the processing module
(e.g., an inclusion list of one or more peptides containing the
predetermined isotopic pattern) to a user at a remote location,
e.g., over the Internet, phone or satellite network, in accor-
dance with known techniques. The presentation of data by the
output manager may be implemented in accordance with a
variety of known techniques. As some examples, data may
include SQL, HTML or XML documents, email or other files,
or data in other forms. The data may include Internet URL
addresses so that a user may retrieve additional SQL, HTML,
XML, or other documents or data from remote sources. The
one or more platforms present in the subject systems may be
any type of known computer platform or a type to be devel-
oped in the future, although they typically will be of a class of
computer commonly referred to as servers. However, they
may also be a main-frame computer, a work station, or other
computer type. They may be connected via any known or
future type of cabling or other communication system includ-
ing wireless systems, either networked or otherwise. They
may be co-located or they may be physically separated. Vari-
ous operating systems may be employed on any of the com-
puter platforms, possibly depending on the type and/or make
of computer platform chosen. Appropriate operating systems
include Windows NT®, Windows XP, Windows 7, Sun



US 9,410,966 B2

19
Solaris, Linux, 0OS/400, Compaq Tru64 Unix, SGI IRIX,
Siemens Reliant Unix, and others.

During use, a user or computer-automated control pro-
grammed by a human inputs mass spectra into the system, as
determined by the methods described in detail above. The
processing module is configured to assess the mass spectra
and identify a predetermined isotopic pattern of peptides in
the mass spectra, determining the amino acid sequence of one
or more of the peptides containing the predetermined isotopic
pattern and determining the site of N-glycosylation on the
protein based on the determined amino acid sequences. Sys-
tems of the invention may screen a plurality of the biological
samples containing a plurality of proteins.

In certain embodiments, the processing module is also
configured to include a data customizing manager. The data
customizing manager is a functional element that allows the
user to input various parameters for evaluating the mass spec-
tra. Furthermore, the data customizing manager is also con-
figured so that a user can input or change criteria used to
identify a predetermined isotopic pattern of peptides in the
mass spectra, determine the amino acid sequence of one or
more of the peptides containing the predetermined isotopic
pattern or determine the site of N-glycosylation on the protein
based on the determined amino acid sequences. For example,
using the data customizing manager a user may customize
which the intensity of ion signal from the mass spectra or the
signal-to-noise ratio of data acquired from the mass spectra.

In certain embodiments, the processing module is also
configured to include an input information manager. The
input information manager provides information to a user
regarding the criteria that was employed by the processor in
identifying a predetermined isotopic pattern of peptides in the
mass spectra, determining the amino acid sequence of one or
more of the peptides containing the predetermined isotopic
pattern or determining the site of N-glycosylation on the
protein based on the determined amino acid sequences. For
example, the input information manager provides a history of
input information to a user at the request of the user. The input
information may be in the form of a compendium of mass
spectra data, inclusion lists, fragmentation patterns, ion inten-
sities, etc. As such, the input information manager provides a
user the ability to retrace the steps employed in designing a
protocol for identifying a predetermined isotopic pattern of
peptides in the mass spectra, determining the amino acid
sequence of one or more of the peptides containing the pre-
determined isotopic pattern or determining the site of N-gly-
cosylation on the protein based on the determined amino acid
sequences, so that knowledge of the data that went into the
development of the protocol can be readily obtained and used.

In certain embodiments, the processing module is config-
ured to include a peptide fragmentation data comparison
manager. The comparison manager is a functional element
that is configured to compare one or more fragmentation data
to each other or to a database of fragmentation data. In com-
paring a given fragmentation data to each other or to a data-
base, the comparison manager may search for similar frag-
mentation data in the database, and allow the user to visually
compare fragmentation data of peptides in the database. The
comparison manager may also compare the subject mass
spectra to the database of fragmentation data and identity,
based on this comparison, characteristics for why the peptide
may or may not be suitable for inclusion on the inclusion list
of peptides containing the predetermined isotopic pattern as
compared to those in the database.

In certain embodiments, the processing module of the sys-
tem is further configured to include a collaboration manager
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configured to allow at least two different users (or mass spec-
trometers operating simultaneously) to jointly provide mass
spectra data.

Inusing the subject systems, a user or computer automated
to communicate with a mass spectrometer inputs data into the
input module of the system. In certain embodiments, the
system takes the provided information and generates an inclu-
sion list of peptides containing the predetermined isotopic
pattern. The report (e.g., inclusion list) is forwarded to the
user, e.g., via the output display or is printed. In some
instances, the report, and the data used to generate the report,
is stored on the system in a suitable memory element, where
the stored information may be accessed at a later time.

Systems of the invention further include an output manager
that generates a report based on information received or gen-
erated. The output manager is a functional element that pro-
duces a report in response to receiving information and iden-
tifying a predetermined isotopic pattern of peptides in the
mass spectra, determining the amino acid sequence of one or
more of the peptides containing the predetermined isotopic
pattern and determining the site of N-glycosylation on the
protein based on the determined amino acid sequences.

Algorithm for identifying a predetermined isotopic pattern
as outlined by the methods above is described in detail in
Palaniappan et al. (ACS Chem. Biol. 2011, 6, 829-836), the
method of which is herein incorporated by reference. Briefly,
the algorithm analyzes peaks from a full-scan mass spectra
and matches real data with simulated data generated by con-
voluting each predicted peptide’s isotopic envelope with the
pattern produced by a given tag. The algorithm received two
inputs from the user: (1) a centroided mzXML data file and
(2) a parameter file that includes the MW and isotopic pattern
of the tag, charge states to be considered in the search, and
weighting factors used to tune selectivity and sensitivity. The
output included the m/z values and retention times of tagged
species, which form an inclusion list for a subsequent directed
LC-MS/MS analysis. First, the full-scan MS data were ana-
lyzed to identify putative isotopic signature matches for a
given elemental composition. This step is a data dependent
approximation of the contributions of non-halogens to the
observed isotopic envelope, while allowing for the inevitable
imperfections in MS data derived from complex protein
samples. In the second step, the putative matches from the
first step were analyzed using a graph-theoretic construct to
reduce false positives. Peaks contributing to a putative pattern
match are tracked as a function of LC elution time and num-
ber of charge states detected to add confidence that they
derive from a real species.

Step 1. Identifying Putative Pattern Matches.

The algorithm takes a list of peaks from the full-scan mass
spectrum and divides them into sets that were possibly isoto-
pically related. Each of these sets were searched for the pres-
ence of a desired isotopic pattern as follows. First, each peak
in the chosen data set was presumed to represent a peptide.
Knowing the charge state and m/z for that hypothetical pep-
tide, the program predicts its mass and estimated its elemental
composition using the “averagine” model. The accuracy of
the averagine method is confirmed by comparing the pre-
dicted elemental compositions of 20,000 human tryptic pep-
tides (based on MW) with their actual elemental composi-
tions, revealing a median deviation of less than 4%. From the
estimated elemental composition, the isotopic pattern of the
unlabeled hypothetical peptide was predicted. Then, the iso-
topic pattern of a chemical tag was convoluted with the pre-
dicted peptide’s isotopic envelope, generating a reference
pattern that was compared with the experimental data to
determine a fitness score. The program also samples refer-
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ence patterns that model untagged peptides and instrument
noise. Additional reference patterns can be incorporated to
account for common sources of false positives in a sample-
dependent manner. Each reference pattern (R) was scaled in
the intensity dimension to produce an optimal alignment with
the data (D). This was accomplished by determining the scal-
ing factor k by a binary search such that the sum of the squared
difference (SSD) between each peak in the reference pattern
(rieR) and its counterpart in the actual data set (d,eD) was
minimized:

SSD = Z (d; — kr

After intensity alignment, the score for the entire pattern
was calculated as

B Id; _kril]
score = ]_[f(—o-ﬁ

where o is a measure of peak intensity variance and fis a
scoring function for each peak that produced a value in the
range [0,1]

Ax)=max[erfe(x),e] 0<e<<1

in which erfc(x) is the complement of the Gaussian error
function and the parameter was used to measure the tightness
of the peak matching in the intensity dimension. The lower
bound of € was imposed on the function to reduce round-off
errors in floating point arithmetic and to allow for robustness
against contaminating peaks when used in a Bayesian system.
In short, this system allowed for the identification of isotopic
envelopes in actual MS data that do not perfectly match
theoretically determined isotopic envelopes by virtue of over-
lapping peaks from other molecular species.

After scores of all patterns of interest were determined, the
best match was found using a Bayesian approach:

P(data | pattern;) P(pattern, )

Z P(data| pattern ;) P(pattern;)
J

P(pattern, | data) =

score(pattern, | data)P(pattern,)

- Z score(pattern; | data) P(pattern )

J

where the P(pattern,) terms were user-defined weighting fac-
tors that describe the probability that any peak in the data set
was caused by a molecular species with the isotopic distribu-
tion described by pattern, and were determined experimen-
tally. These weighting factors allowed us to increase the
specificity of the program for a selected pattern, thereby
eliminating false positives, or conversely, increasing the num-
ber of hits, though potentially at the cost of more false posi-
tives.

Step 2. Reducing False Positives with a Graph-Theoretic
Approach.

The algorithm exploits two features of LC-MS data: pep-
tides are often detected in multiple charge states and in several
adjacent scans. To implement these features, a graph-theo-
retic approach was employed wherein each potential match
was treated as a node in a graph. Edges were drawn between
two nodes if the nodes could have come from the same
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molecular species and the nodes have sufficiently similar L.C
elution times. After edges were built, the graph was decom-
posed into disjoint subsets, where all nodes in a given subset
could have been produced by the same peptide. Each of these
subsets was then scored on a number of factors, including the
number of nodes in the set and the number of unique charge
states detected. Because matches that were made by chance
are unlikely to score highly on these criteria, this process
filters out false positive matches.

EXPERIMENTAL

The following examples are offered for illustrative pur-
poses only, and are not intended to limit the scope of the
present invention in any way. Efforts have been made to
ensure accuracy with respect to numbers used (e.g., amounts,
temperatures, etc.), but some experimental error and devia-
tion should, of course, be allowed for.

To illustrate methods of the present disclosure, N-gly-
cosites on proteins from whole Saccharomyces cerevisiae
lysates were mapped. Via preferential fragmentation of iso-
topically recoded glycopeptides, numerous N-glycosites
within the yeast proteome were identified. As demonstrated
below, methods of the present disclosure offer an enhanced
level of confidence for mapping glycosylation sites that was
not previously available to LC-MS/MS analyses because of
the unique isotopic envelope of an isomix-containing peptide
described herein.

Materials and Methods
Synthesis of N-Acetyl-D-Glucosamine (GIlcNAc) Isoto-
pologs

The synthesis of N-acetyl-D-glucosamine from D-glu-
cosamine hydrochloride was performed in a single synthetic
step as previously described (Zhu, et al. J Org Chem 71,
466-479, the method of which is herein incorporated by ref-
erence). Briefly, to a solution of the D-glucosamine hydro-
chloride salt (150 mg, 0.6 mmol) in water was added Dowex
200-400 mesh (OH—) anion-exchange resin and the pH was
adjusted to 7.5. The resin was removed by filtration, yielding
a D-glucosamine solution in 6 ml. of water. To this solution
was added '*C,-sodium acetate (1.1 eq, Cambridge Isotope
Laboratories) as a pre-dissolved solution in water and
2-ethoxy-1-ethoxycarbonyl-1,2-dihydroquinoline (1.1 eq) as
a pre-dissolved solution in 10 mL ethanol. The total reaction
volume was brought to 40 mL by addition of ethanol. The
reaction was covered in foil and stirred for 36 h at RT. This
reaction was repeated using 1-'>C,"’N-D glucosamine
hydrochloride (Isotech) as the starting material. After ethanol
evaporation under reduced pressure, the crude products were
purified by silica gel chromatography using a 10:4:3 mixture
of ethyl acetate:pyridine:water, dried, filtered, lyophilized
and stored at —20° C.

Preparation of N-Acetyl-D-Glucosamine Isotopic Labeling
Composition

Stock solutions of 10 mM N-acetyl-D-glucosamine, N-[1,
2-13C,lacetyl-D-glucosamine, and N-[1,2-'*C,]-acetyl-D
[1-'3C; ™ N]glucosamine in water were prepared. The solu-
tions were combined to produce a mixture of the GlcNAc
isotopologs at a 1:2:1 molar ratio, respectively. The mixture
was analyzed by direct infusion on a Thermo-Finnigan LTQ-
XL mass spectrometer set to zoom scan, with the signal
averaged over 20 scans. The isotopic ratios were then
adjusted by the iterative addition of the desired isotopes until
anear-perfect 1:2:1 peak intensity ratio was observed empiri-
cally (FIG. 15). The isotopic labeling composition sample
was lyophilized and stored at -20° C.
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Cell Culture and Sample Preparation

Lysates from log-phase and stationary-phase GlcNAc iso-
mix supplemented yeast cultures were prepared for mass
spectrometry analysis by Filter-Aided Sample Preparation
(FASP) methodology.

Cell Culture and Preparation of Lysates

Cultures of gnalA S. cerevisiae (MATa ura3L yfl1017c:
KanMX4) were grown in CSM (MP Biomedicals) with 2%
dextrose as the carbon source and a 100 uM GleNAc isomix
supplement at 30° C. until the OD600=1 for mid-log phase or
the OD600=8 for stationary phase harvests. A 100 uM regular
GleNAc supplement was used for negative controls. Cells
were pelleted by centrifugation and flash-frozen in LN, and
stored at —80° C. Whole-cell lysates were prepared from 2 g
aliquots of log- and stationary-phase cell pellets, each resus-
pended in 20 mL of lysis buffer (PBS, 1% w/v RAPIGEST™
surfactant, 1 mM dithiothreitol). RAPIGEST™, an acid-la-
bile surfactant, was prepared following the synthesis reported
in U.S. Pat. No. 7,229,539, the method of which is herein
incorporated by reference. Cells were lysed with 10 passes
through an Avestin EMULSIFLEX™-C3 homogenizer set to
a maximum pressure of 30 Kpsi and crude extracts were
clarified ina Sorvall SS-34 rotor spun at 19.5 Krpm for 30 min
at 4° C. Clarified lysates were filtered through a 0.2 um
STERIFLIP™ filter (Millipore) and total protein concentra-
tions were measured colorimetrically using the DC assay
(BioRad). Lysates were aliquoted into small portions, flash
frozen in LN2, and stored at —80° C. until needed.

FASP Processing of Lysates

Milligram-scale aliquots of log-phase and stationary-
phase lysates were prepared for MS analysis via a modified
version of the previously described Filter-Aided Sample
Preparation (FASP) methodology. Lysates (1.2 mg of total
protein/sample) were diluted to a total volume of 2 mL with
freshly prepared buffered urea (7 M urea in 100 mM Tris pH
7.4 and 2.5 mM dithiothreitol). Samples were loaded into
30-KDa NMWCO AMICON™ Ultra centrifugal filtration
devices (Millipore), spin-concentrated, and adjusted to a final
volume of 600 pL. with buffered urea. Cysteine residues were
alkylated by addition of 50 L of freshly-prepared 500 mM
iodoacetamide followed by incubation for 1 hour at room
temperature in the dark. Samples were sequentially washed
and spin-concentrated with 1 ml. of buffered urea (two
washes) followed by PBS with 2.5 mM dithiothreitol (three
washes). Final volumes were adjusted to 1 ml./sample with
PBS.

Tryptic digests were obtained by addition of 5 ng of
sequencing-grade trypsin (Promega)/sample and incubation
for 12 hours at 37° C. Chymotryptic digests were performed
by addition of 5 pg of sequencing-grade chymotrypsin
(Promega)/sample followed by incubation for 12 hours at 25°
C. Peptides were recovered by centrifugation through
30-KDa NMWCO filters. Peptide samples were diluted to a
total volume of approximately 2 mL with 2xConA binding
buffer (40 mM Tris pH 7.4, 1 M NaCl, 2 mM CaCl2, 2 mM
MnClI2). A 5 mg/mL stock solution of C. ensiformis ConA
(Sigma) was prepared in 1xConA binding buffer, and 2.5 mg
of ConA were added to the digested peptides from each
sample followed by incubation for 1 hour at room tempera-
ture. The lectin-peptide mixtures were transferred to fresh
30-KDa NMWCO AMICON™ ultra filters that had been
pre-washed with 1xConA binding buffer. ConA-bound pep-
tides were washed by spin-concentration and diluted 4x with
1 mL of EndoH buffer (50 mM sodium citrate pH 5.3, 0.5 M
sodium chloride, 1 mM calcium chloride, 1 mM manganese
chloride). ConA-bound peptides were incubated with 5 pl.
(5000 units) of EndoHf (New England Biolabs) for 3 hours at
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37° C. Deglycosylated peptides were collected via centrifu-
gation into siliconized eppendorftubes. Samples were briefly
acidified with trifluoroacetic acid to pH=2 to hydrolyze any
remaining detergent. Insoluble debris was removed by cen-
trifugation. Samples were desalted using SEP-PAK™ C18
cartridges (Waters) and solvent was removed by speed-vac
before storing at —20° C. until mass spectrometry analysis.
Mass Spectrometric Analysis

Prior to mass spectrometry analysis, samples were resus-
pended in 50 ul, of water and 2.5-5 pl. aliquots were subjected
to reverse-phase liquid chromatography with an Agilent 1200
liquid chromatography system connected in-line to a LTQ
ORBITRAP™ XI, hybrid mass spectrometer. External mass
calibration was performed prior to analysis. A binary solvent
system consisting of buffer A (0.1% formic acid in water
(v/v)) and buffer B (0.1% formic acid in acetonitrile (v/v))
was employed. The mass spectrometer was outfitted with a
nanospray ionization source. Liquid chromatography was
performed using a 100-um fritted capillary pre-column self-
packed with 1 cm of 5 pm, 200 A Magic C18AQ resin
(Michrom Bioresources) followed by a 100-um fused silica
capillary (Polymicro Technologies) self-packed with 15 cm
of 5 um, 100 A Magic C18AQ resin (Michrom Bioresources).
After sample injection and a 20 minute loading step in 2%
buffer B, peptides were eluted using a gradient from 7% to
35% buffer B over 150 min, followed by a washing step in
99% buffer B for 20 minutes. A solvent split was used to
maintain a flow rate of 400 nl. min-1 at the column tip.

Samples were subjected to the inclusion-list driven tar-
geted acquisition method, described above. First, full-scan
mass spectra were collected in positive ion mode over the m/z
scan range of 400 to 1,700 or 1,800 using the ORBITRAP™
mass analyzer in profile mode at a resolution of 60,000 (at 400
m/z). Noise reduction and peak detection were performed
using software developed in-house making use of a continu-
ous wavelet transform. The centroided mzXML files were
then pattern searched for recoded mass envelopes. The output
was an inclusion list that contained the m/z value (M+2 ion in
the labeled peptide’s isotopic envelope) and a retention time
window (x1.5 min, empirically determined) for each labeled
peptide. The same sample, stored at 4° C., was then reana-
lyzed with identical chromatographic conditions using an
inclusion-list driven selection of precursor ions for fragmen-
tation. In relatively rare instances we observed a chromato-
graphic anomaly causing substantially shifted peptide elution
profiles. In these cases the experiment was repeated. For each
full-scan mass spectrum up to eight CID fragmentation events
were performed in the linear ion trap. Dynamic exclusion and
charge state screening were enabled to reject ions with an
unknown or +1 charge state. An isolation window (IW) of 2 or
4 Da, a minimum threshold of 500 ion counts, and activation
energy of 35 were used when triggering a fragmentation
event.
Database Searching

Peptide identities were obtained using the SEQUEST
search algorithm (Eng, et al. J. Am. Chem. Soc. Mass. Spec.
5, 976-989, the method of which is herein incorporated by
reference) within Proteome Discoverer 1.2 (Thermo-Fisher).
CID spectra were searched against the sequence database
generated from all systematically named S. cerevisiae ORFs
(downloaded March 2011) (Chemy, et al. Nature 387, 67-73,
the method of which is herein incorporated by reference)
augmented with sequences from the common repository of
adventitious proteins (cRAP, from The Global Proteome
Machine Organization, downloaded March, 2011) and the
Ngtl (C. albicans) and NAGK (H. sapiens) protein sequences,
totaling 6739 entries. Indexed databases for tryptic and chy-
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motryptic digests were created allowing for two missed
cleavages, one non-enzymatic terminus, one fixed modifica-
tion (cysteine carboxyamidomethylation, +57.021) and the
following variable modifications: methionine oxidation
(+15.995) and Asn GlcNAcylation (only the M+2 isotopolog,
+205.086 Da). Precursor ion tolerance was set to 10 ppm and
CID fragment tolerance was set to 0.8 Da. The criteria used
for filtering search results included using SEQUEST score
function (XCorr) cutoffs assigned by a 5% maximum false
discovery rate (FDR) obtained from decoy database searches
(using reversed sequences from each ofthe 6739 entries in the
database), an 8 ppm maximum allowed precursor ion mass
deviation, and a 40 amino acid maximum allowed peptide
length. Approximately 70% of the peptides were identified
within a 1% maximum FDR. All precursor ion and fragmen-
tation spectra were visually inspected for the predetermined
isotopic pattern, described above. Precursor ion isotopic
labeling composition patterns were also visually verified in
the corresponding full-scan datasets. In cases where the iso-
topic labeling composition pattern was identifiable in the
low-resolution fragmentation spectra, this additional infor-
mation was used to verify correct glycosite assignment, espe-
cially in peptides containing multiple Asn residues. For
datasets collected with an IW of 2, full-scan only dataset were
used (i.e., the LC-MS run which was subjected to pattern
searching) to confirm the predetermined isoptoic pattern. In
cases where multiple peptide sequences covered a single gly-
cosite, a representative peptide sequence was selected based
on CID spectral quality. Factors such as protein biological
function and the presence of a canonical N-glycosylation
consensus motif (N-X-S/T) were not used as criteria for
accepting or rejecting peptides. Instances of ambiguous post-
translational modification assignment within a peptide were
resolved by manual inspection of fragment envelopes, as
necessary.
Results
Metabolic Recoding of N-Glycan Cores

Due to the relative ease with which certain S. cerevisiae
biosynthetic pathways can be manipulated, we chose to meta-
bolically install an unnatural, dibromide-like isotopic signa-
ture into glycans. Universal isotopic recoding of N-glycans
requires metabolic replacement of a conserved sugar residue
found in all such structures with a mixture of isotopologs. All
eukaryotic N-glycans possess a conserved GIcNAcf1,
4GleNAc disaccharide at the peptide-proximal position, thus
a GleNAc isomix can potentially label all N-glycans in the
cell’s glycoproteome. However, to retain the isotopic ratio
during metabolism, the GlcNAc isomix must be converted
without isotopic dilution to the key metabolic intermediate
uridine diphosphate-GleNAc (UDP-GIcNAc), the donor
nucleotide-sugar used in construction of N-glycan cores.
Specifically, cytosolic UDP-GIcNAc serves as the donor sub-
strate for Alg7p in the biosynthesis of GlcNAc-diphospho-
dolichol; the GIcNAc residue in this precursor is ultimately
covalently linked to Asn in the process of N-glycosylation.
Thus, control over a cell’s uridine diphosphate-GlcNAc
(UDP-GIeNAc) pool is critical for execution of the isomix
method. We recently generated a S. cerevisiae strain that
depends on an engineered salvage pathway for procuring
precursors of UDP-GlcNAc. The gnal A yeast strain lacks the
ability to perform de novo UDP-GIcNAc biosynthesis and
instead generates UDP-GlcNAc exclusively by salvaging
GleNAc added to the culture media. In previous work, we
exploited this yeast strain to achieve high-efficiency replace-
ment of GlcNAc residues with unnatural GlcNAc analogs,
which are alternative substrates for the engineered salvage
pathway.
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In the examples described herein, cultured gnalA yeast
with a GlcNAc isomix designed to emulate the isotopic sig-
nature of two bromine atoms. As shown in FIG. 1a, the
dibromide pattern is a symmetrical triplet, with major peaks
at M, M+2 and M+4 at a relative intensity of 1:2:1, due to the
relative abundances of the "Br,, °Br®'Br, and 'Br, isotopic
pairings. To replicate this pattern, a three-part isomix consist-
ing of N-acetyl-D-glucosamine, N-[1,2-'>C,]acetyl-D-glu-
cosamine, and  N-[1,2-*C,]acetyl-D-[1-*C;**N]glu-
cosamine, mixed in a 1:2:1 molar ratio (FIG. 15), was
prepared and added to the gnalA yeast culture medium (FIG.
1¢). The isomix is internalized via the GlcNAc-specific trans-
porter Ngtl borrowed from C. albicans, and cytosolic
GlcNAc is subsequently phosphorylated by the heterolo-
gously expressed human kinase NAGK. The resulting
GleNAc-6-phosphate isomix is converted to a UDP-GIcNAc
isomix and subsequently installed into N-glycan cores by
endogenous yeast machinery.

Directed Proteomic Analysis of N-Glycosylated Peptides

Samples for LC-MS/MS analysis were generated from
lysates of gnalA S. cerevisiae cultures grown to both mid-log
and stationary phases in chemically defined, minimal
medium. Tryptic and chymotryptic peptides were prepared
from the lysates using a modified version of Filter Aided
Sample Preparation, described above. During this process,
mannose-containing glycopeptides were partially enriched
by binding to the lectin concanavalin A (Con A) and N-gly-
cans were truncated to a single GlcNAc residue with the
glycosidase Endo H. To achieve sufficient resolution for iso-
topic envelope pattern matching, peptides were analyzed on a
Thermo-Finnigan LTQ ORBITRAP™ XI. mass spectrom-
eter.

Recoded peptide envelopes bear distinctive peak intensity
distributions, as illustrated in the simulated isotopic enve-
lopes shown in FIG. 2a. The envelope of an isotopic labeling
composition glycopeptide reflects the peptide’s intrinsic
envelope convolved with that of the GlcNAc isomix. The
unique pattern resulting from this convolution serves as the
basis for detecting putative glycopeptides in complex
samples. Experimentally observed isomix-containing glyco-
peptide envelopes are exemplified in FIG. 25 matching simu-
lations (FIG. 2a). Characteristic isotopic labeling composi-
tion pattern in yeast peptides subjected to LC-MS analysis
were searched using the computer algorithm described above
(Palaniappan, et al. ACS Chem. Biol. 6, 829-836, the method
of which is herein incorporated by reference). In general,
4,000-5,000 candidate glycopeptide ions (in charge states
7=1to z=5) per sample were detected. In certain instances, the
peptide inclusion list contained redundancy. For example,
several legitimate, isotopic label-containing glycopeptides
were observed in multiple charge states between z=1 and z=5.
In some instances, more than one peptide covering the same
glycosite was observed. Regardless, the m/z values and reten-
tion times of putative glycopeptide ions bearing the predeter-
mined isotopic pattern were used to construct a time-resolved
inclusion list of peptides for targeted fragmentation. Even
with the inclusion of a lectin-based glycopeptide enrichment
step during sample preparation, the overwhelming majority
of high-intensity ions in our samples appeared to be ungly-
cosylated, as indicated by visual and computational inspec-
tion of their isotopic envelopes.

Duplicate, back-to-back injections for targeted fragmenta-
tion of glycopeptides was performed. The first injection was
used exclusively to search for GlcNAc isotopic patterns in
LC-MS data to identify likely glycopeptide ions and inven-
tory them into an inclusion list. In the subsequent injection,
candidate glycopeptide ions were subjected to fragmentation
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by collision induced dissociation (CID) only if the ion abun-
dance exceeded a defined threshold and the ions appeared in
the correct retention time window. The bond between Asnand
GleNAc is resistant to standard CID conditions used to frag-
ment the peptide backbone.

Ions bearing the predetermined isotopic pattern were sub-
jected to CID fragmentation in order to determine peptide
identity (i.e., amino acid sequence) and verify N-glycosyla-
tion. Ions selected for fragmentation were isolated in either a
narrow (2 Da) or broad (4 Da) isolation window (IW). While
abroad IW covers most peaks in an isotopic labeling compo-
sition glycopeptide envelope (FIG. 2b), it has the disadvan-
tage of potentially including unrelated ions in the fragmenta-
tion spectrum. Conversely, the use of narrow IWs could yield
higher quality fragmentation spectra because fewer unrelated
ions will be isolated. However, in practice, the use of a 4 Da
IW results in the highest number of MS/MS identifications
despite the potential decrease in the precursor ion fraction
isolated. Indeed, we observed no detrimental effects on pep-
tide assignments in datasets collected using 4 Da verses 2 Da
IWs. Instead, the use of a broad IW on ions bearing the
predetermined isotopic pattern often provided additional
information in the fragmentation spectra that was critical to
resolving glycosite positional ambiguity. The broad IW was
particularly useful for glycosite assignment in the case of
peptides containing more than one Asn residue. As illustrated
in FIGS. 26 and 2¢, when the full isotopic envelope of a
candidate glycopeptide was isolated for fragmentation using
a broad IW, the predetermined isotopic pattern in all peptide
fragments bearing the GlcNAc labeling composition modifi-
cation was preserved. In contrast, unglycosylated fragments
yielded unperturbed mass envelopes. This information was
used to resolve cases of ambiguous glycosite assignments
that resulted from automated database search engines. In
some cases, doubly glycosylated peptides were observed; the
presence of two N-glycosites on one peptide introduced a
doubly convolved isomix signature resulting in a widened
isotopic envelope with a distinctive “stair-step” pattern in
peak intensities (FIG. 6).

Isomix-Directed Fragmentation Facilitates High-Confidence
N-Glycosite Identification.

A unified list of high-confidence N-glycosites in the yeast
proteome (summarized in Table 1, provided in FIG. 9) was
compiled based on the results obtained. Table 1 reflects a
combination of results from multiple experiments, conducted
with trypsinized and chymotrypsinized samples obtained
from both stationary and mid-log phase cultures. A list of the
observed tryptic and chymotryptic peptides containing these
glycosites and corresponding statistical indicators of quality
are included in FIG. 9 which depicts Table 1. A total of 133
N-glycosites were detected, 12 of which were previously
reported in the Uniprot Knowledgebase. 121 novel sites dis-
tributed over 52 proteins were determined. 50% of the pro-
teins in Table 1, highlighted indicated in bold, have been
biochemically validated as N-glycosylated. Proteins were
considered biochemically validated if they had previously
mapped N-glycosites or if there was experimental observa-
tion of a gel shift following enzymatic deglycosylation. The
above results suggest that the gnalA S. cerevisiae likely share
similar N-glycosite occupancy patterns with the BY4743
strain from which the gnalA haploid was derived.

For comparative purposes, the above samples were sub-
jected to traditional intensity-driven data-dependent LC-MS/
MS, in which the ten most intense ions in each full scan mass
spectrum were selected for CID fragmentation. Significantly,
the intensity-dependent analyses typically identified approxi-
mately 60% of the glycosites found via isotopic labeling
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composition-directed fragmentation. For instance, in the case
of trypsinized lysate prepared from a stationary-phase cul-
ture, 52 unique glycosites spanning 25 proteins were identi-
fied using directed fragmentation. The same sample, sub-
jected to data-dependent fragmentation, yielded only 30
N-glycosites in 16 proteins and contained extensive site over-
lap with the directed dataset. This difference illustrates the
advantages of the methods described herein for proteomic
analyses.

Glycoproteins identified in this study were categorized by
the manually curated ontological annotations maintained by
the Saccharomyces Genome Database. An analysis of cellular
localization (FIG. 3a) reveals that the majority of the N-gly-
coproteins identified in Table 1 typically reside in the yeast
ER, plasma membrane, vacuole, and cell wall. Several pro-
teins localize to substructures within these organelles, espe-
cially those involved with cytokinesis and cellular budding.
While many of the identified glycoproteins lack known
molecular functions, Table 1 was highly represented by pep-
tidases, glycosidases, and glycosyltransferases (FIG. 35).
With respect to biological function, highly represented cat-
egories include vacuolar proteases and proteins involved in
cell wall construction, reshaping, and maintenance (FIG. 3¢).
Several ER- and golgi-resident proteins participating in the
processes of N- and O-linked glycosylation were also
detected. Overall, the ontological distribution of glycopro-
teins reported here is consistent with our expectations for
N-glycoproteins in yeast.

In addition to the ontological consistency for the list of
N-glycoproteins, no plausible cases in which the N-glycan
modification was present outside the canonical N-X-S/T
motif were detected. While non-canonical N-glycosites have
been reported in higher eukaryotes, it is possible that the
acceptor substrate promiscuity of the oligosaccharyl trans-
ferase (OST) complex—which catalyzes the N-glycosylation
modification—differs amongst species.

A plot of the relative residue frequencies for the 133 occu-
pied glycosites mapped here reveals a strong, 71% versus
29% preference for Thr over Ser within the canonical motif
(FIG. 4), consistent with N-glycosites mapped in other
eukaryotic proteins by non-proteomic methods. Additionally,
positions surrounding the motif are dominated by hydroxy-
lated and small hydrophobic residues, consistent with expec-
tations for solvent-exposed, loop regions of proteins. Charged
residues, especially aspartate, are present in slightly higher
frequency on the C-terminal side of the sequon, but not at the
-2 position as observed in the case of bacterial N-glycosites.
Collectively, these data reveal a typical acceptor substrate
sequence for the yeast OST.

As demonstrated above, a metabolically embedded isoto-
pic signature, emulating the perturbing effects of a dibromi-
nated chemical tag, can serve as the basis for targeted pro-
teomic analysis of a class of post-translational modifications.
As discussed above, methods of the present disclosure allows
the ions selected for fragmentation that need not be among the
most intense in the sample. In addition, the produced recoded
isotopic mass envelopes contain a predetermined isotopic
pattern which is easily detected, indicating whether or not
fragmentation spectra have been correctly assigned to a pep-
tide. Systematically mapping N-glycosylation sites in S. cer-
evisiae provides a wealth of information pertaining to native
glycoprotein structure and topology. It is well known that the
mere presence of a standard N-X-S/T sequon is not sufficient
to guarantee glycan attachment to a nascent polypeptide. A
number of extenuating factors, ranging from local protein
structure to nutrient availability, ultimately determine which
sequons are glycosylated. In the case of soluble proteins, fully
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or partially occupied glycosites are an excellent indicator of
sequon surface accessibility. In the case of integral membrane
proteins (IMPs), occupied glycosites confirm that a given Asn
is ER-lumenal upon translation and can be used to confirm or
reject IMP topological predictions. In the data presented
herein, 25 glycosylated IMPs were detected and in all cases
the occupied glycosites confirm TMHMM topology predic-
tions of lumenal versus extracellular domains. Additionally,
glycosite mapping is a prerequisite for quantitative, compara-
tive analysis of glycan occupancy.

As illustrated in FIG. 2, precursor and fragment ions cor-
responding to recoded peptides bear a unique isotopic pattern
that could be used as a basis for accepting or rejecting a
computationally-assigned spectral match. Indeed, several
peptides in the data were computationally matched to pep-
tides based on favorable statistical indicators, such as high
SEQUEST XCorr values, but were ultimately rejected
because they lacked the characteristic isomix signature in
their isotopic envelopes. As illustrated in FIG. 7, a peptide
isolated for CID fragmentation via data-dependent selection
was assigned to a GIcNAc-containing peptide from the cyto-
solic kinase Akl1l with high confidence. However, manual
inspection of the precursor ion’s isotopic envelope revealed
no evidence of the predetermined isotopic pattern, casting
doubt on the assignment. The lack of a standard N-X-S/T
sequon in this peptide and the cytosolic location of Akl are
also consistent with spectral misassignment. Thus, isotopic
recoding of PTMs can serve as a valuable tool for rejecting
incorrect spectral assignments that would otherwise pass
undetected into LC-MS/MS hit lists.

By using glycans containing a predetermined isotopic pat-
tern as described above, fragmentation priority was placed on
glycopeptide ions regardless of their relative intensities to
other ions in the sample. As a result, rigorous sample enrich-
ment for N-glycopeptides was not necessary. However,
enrichment with ConA may allow for the presence of many
high-abundance, non-glycopeptides in our sample, suppress-
ing ionization and the successful detection and fragmentation
of low-abundance and poorly ionizing glycopeptides within
the yeast proteome.

The concept of isotopically recoding PTMs for targeted
LC-MS/MS analysis can be extended well beyond N-gly-
cosite mapping. By utilizing endogenous or engineered sal-
vage pathways, unnatural isotopic signatures could be meta-
bolically installed into a variety of PTMs. The relative
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malleability of glycan biosynthetic pathways, along with an
extensive assortment of commercially available stable
monosaccharide isotopologs, makes glycan-based PTMs par-
ticularly well suited for isotopic recoding. The predetermined
isotopic pattern may be any convenient pattern, suchas a 1:1,
1:2,1:3,1:4,1:2:1, 1:3:1, among others as described above. A
variety of isotopic labeling compounds can be used to impart
sufficient perturbation to a peptide’s isotopic envelope to
allow for successtul targeted LC-MS/MS analyses.

As noted above, the illustrated approach of isotopic recod-
ing for targeted proteomics is not limited to the genetically
modified S. cerevisiae strain. While metabolic introduction of
an unnatural isotopic signature is demonstrated above, simi-
lar perturbations of isotopic envelopes can also be obtained
via chemospecific or enzymatic labeling of specific PTMs.

Although the foregoing invention has been described in
some detail by way of illustration and example for purposes
of clarity of understanding, it is readily apparent to those of
ordinary skill in the art in light of the teachings of this inven-
tion that certain changes and modifications may be made
thereto without departing from the spirit or scope of the
appended claims.

Accordingly, the preceding merely illustrates the prin-
ciples of the invention. It will be appreciated that those skilled
in the art will be able to devise various arrangements which,
although not explicitly described or shown herein, embody
the principles of the invention and are included within its
spirit and scope. Furthermore, all examples and conditional
language recited herein are principally intended to aid the
reader in understanding the principles ofthe invention and the
concepts contributed by the inventors to furthering the art,
and are to be construed as being without limitation to such
specifically recited examples and conditions. Moreover, all
statements herein reciting principles, aspects, and embodi-
ments of the invention as well as specific examples thereof,
are intended to encompass both structural and functional
equivalents thereof. Additionally, it is intended that such
equivalents include both currently known equivalents and
equivalents developed in the future, i.e., any elements devel-
oped that perform the same function, regardless of structure.
The scope of the present invention, therefore, is not intended
to be limited to the embodiments shown and described herein.
Rather, the scope and spirit of present invention is embodied
by the appended claims.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 134
<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

SEQ ID NO 1

LENGTH: 12

TYPE: PRT

ORGANISM: Saccharomyces cerevisiae
FEATURE:

NAME/KEY: CARBOHYD

LOCATION: (7)..(7)

OTHER INFORMATION: the amino acid(s)

in this region may be

post-translationally modified by N-glycosylation

<400> SEQUENCE: 1
Asn Ser Ser Ser Ala Leu Asn Ile Thr Glu Leu Tyr
1 5 10

<210> SEQ ID NO 2

<211> LENGTH: 23

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae
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<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (13)..(13)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (20)..(20)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 2

Gln Ile Ile Val Thr Gly Gly Gln Val Pro Ile Thr Asn Ser Ser Leu
1 5 10 15

Thr His Thr Asn Tyr Thr Arg
20

<210> SEQ ID NO 3

<211> LENGTH: 21

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (4)..(4)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 3

Gln Asp Thr Asn Glu Pro Gln Thr Gly Gly Ile Glu Asp Ala Gly Gly
1 5 10 15

Ser Gly Thr Ile Lys
20

<210> SEQ ID NO 4

<211> LENGTH: 18

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (2)..(2)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 4

Ala Asn Gly Thr Asn Ser Thr Thr Asn Thr Thr Thr Ala Glu Ser Ser
1 5 10 15

Gln Leu

<210> SEQ ID NO 5

<211> LENGTH: 13

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (9)..(9)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 5
Asn Gln Asp Gly Ser Ser Lys Pro Asn Phe Thr Val Glu

1 5 10

<210> SEQ ID NO 6
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<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (11)..(11)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 6

Ser Ile Leu Phe Gln Gln Gln Asp Pro Phe Asn Glu Ser Ser Arg
1 5 10 15

<210> SEQ ID NO 7

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

«<222> LOCATION: (3)..(3)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 7

Ala Asn Asn Ile Thr Leu Arg Asp Val Asn Ser Ile Ser Phe
1 5 10

<210> SEQ ID NO 8

<211> LENGTH: 18

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (11)..(11)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (14)..(14)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by carbamidomethylation

<400> SEQUENCE: 8

Gly Gly Ala Asn Phe Asp Ser Ser Ser Ser Asn Phe Ser Cys Asn Ala
1 5 10 15

Leu Lys

<210> SEQ ID NO 9

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (15)..(15)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 9

Ser Ile Val Ser Asn Asp Glu Leu Ser Lys Ala Ala Phe Ser Asn Leu
1 5 10 15

<210> SEQ ID NO 10

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (10)..(10)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation
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<400> SEQUENCE: 10

Thr Val Gly Gly Gly Phe Ile Ile Ala Asn Asn Thr Gln Leu Lys
1 5 10 15

<210> SEQ ID NO 11

<211> LENGTH: 19

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (6)..(6)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 11

Gly Tyr Met Phe Glu Asn Gln Thr Ser Phe Pro Ile Phe Ala Ala Ser
1 5 10 15

Ser Glu Arg

<210> SEQ ID NO 12

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (8)..(8)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 12

Ser Val Gly Ala Asn Leu Phe Asn Ala Thr Leu
1 5 10

<210> SEQ ID NO 13

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (6)..(6)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by carbamidomethylation

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (8)..(8)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 13

Thr Glu Lys Phe Gln Cys Ser Asn Asp Thr Tyr Val Arg Tyr
1 5 10

<210> SEQ ID NO 14

<211> LENGTH: 26

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (11)..(11)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 14

Thr Thr Ala Gly Ile Ile Asp Asp Lys Asn Asn Leu Thr Ala Glu Tyr
1 5 10 15

Val Pro Phe Met Gly Asn Thr Phe His Lys
20 25
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<210> SEQ ID NO 15

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (8)..(8)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 15

Ser Val Gly Ser Asn Leu Phe Asn Ala Ser Val Lys
1 5 10

<210> SEQ ID NO 16

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (11)..(11)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 16

Thr Thr Ala Gly Ile Ile Asp Asp Lys Asn Asn Leu Thr Ala Glu
1 5 10 15

<210> SEQ ID NO 17

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (6)..(6)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by carbamidomethylation

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (9)..(9)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (15)..(15)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by carbamidomethylation

<400> SEQUENCE: 17

Asp Ile Arg Gly Pro Cys Glu Asp Asn Ser Thr Asp Gly Met Cys Tyr
1 5 10 15

<210> SEQ ID NO 18

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (8)..(8)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (9)..(9)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by carbamidomethylation

<400> SEQUENCE: 18

Phe Val Pro Gly Ser Thr Ser Asn Cys Thr Phe
1 5 10
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<210> SEQ ID NO 19

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (2)..(2)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 19

Ser Asn Asn Gly Thr Phe Phe Glu Thr Glu Glu Pro Ile Val Glu Thr
1 5 10 15

Lys

<210> SEQ ID NO 20

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (9)..(9)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 20

Ile Ser Ser Phe Leu Ser Leu Ser Asn Ser Thr Ala Asp Thr Phe His
1 5 10 15

Leu

<210> SEQ ID NO 21

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (6)..(6)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 21

Asn Asn Leu Gln His Asn Ile Thr Leu Lys
1 5 10

<210> SEQ ID NO 22

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 22

Ala His His Leu Asn Tyr Thr Leu Val Pro Phe Asp Gly Arg
1 5 10

<210> SEQ ID NO 23

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

«<222> LOCATION: (3)..(3)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation
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<400> SEQUENCE: 23

Ala Tyr Asn Leu Thr Lys Glu Glu Asn Ser Lys Ile Arg Val Phe
1 5 10 15

<210> SEQ ID NO 24

<211> LENGTH: 13

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 24

Ile Ile Ser Phe Asn Leu Ser Asp Ala Glu Thr Gly Lys
1 5 10

<210> SEQ ID NO 25

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (7)..(7)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 25

Ile Lys Val Asp Asp Leu Asn Ala Thr Ala Trp
1 5 10

<210> SEQ ID NO 26

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

«<222> LOCATION: (3)..(3)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 26

Leu Ala Asn Tyr Ser Thr Pro Asp Tyr Gly His Pro Thr Arg
1 5 10

<210> SEQ ID NO 27

<211> LENGTH: 20

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (4)..(4)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 27

Ser Phe Ala Asn Thr Thr Ala Phe Ala Leu Ser Pro Pro Val Asp Gly
1 5 10 15

Phe Val Gly Lys
20

<210> SEQ ID NO 28

<211> LENGTH: 23

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae
<220> FEATURE:
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<221> NAME/KEY: CARBOHYD

<222> LOCATION: (18)..(18)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (21)..(21)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by oxidation

<400> SEQUENCE: 28

Ser Thr Pro Asp Tyr Gly His Pro Thr Arg Val Ile Gly Ser Lys Gly
1 5 10 15

His Asn Lys Thr Met Glu Tyr
20

<210> SEQ ID NO 29

<211> LENGTH: 22

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (13)..(13)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 29

Ala Pro Thr Tyr Gln Glu Leu Ala Asp Thr Tyr Ala Asn Ala Thr Ser
1 5 10 15

Asp Val Leu Ile Ala Lys
20

<210> SEQ ID NO 30

<211> LENGTH: 21

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (8)..(8)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 30

Asp Leu Pro Ala Tyr Leu Ala Asn Glu Thr Phe Val Thr Pro Val Ile
1 5 10 15

Val Gln Ser Gly Lys
20

<210> SEQ ID NO 31

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 31

Asn Ser Asp Val Asn Asn Ser Ile Asp Tyr Glu Gly Pro Arg
1 5 10

<210> SEQ ID NO 32

<211> LENGTH: 23

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae
<220> FEATURE:

<221> NAME/KEY: CARBOHYD
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<222> LOCATION: (16)..(16)
<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 32

Lys Leu Asn Pro Gly Lys Asn Thr Asp Val Pro Ile Val Ala Asn Asn
1 5 10 15

His Ser Ser Ser His Ile Phe
20

<210> SEQ ID NO 33

<211> LENGTH: 27

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (17)..(17)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by carbamidomethylation

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (19)..(19)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 33

Thr Ile Asp Glu Ile Gln Leu Asp Ser Asn Asp His Asn Ala Met Val
1 5 10 15

Cys Val Asn Ser Ser Ser Asn His Trp Gln Lys
20 25

<210> SEQ ID NO 34

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by carbamidomethylation

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (6)..(6)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 34

Val Phe Ser Gly Cys Asn Val Thr Asn Glu Lys
1 5 10

<210> SEQ ID NO 35

<211> LENGTH: 18

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (12)..(12)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 35

Asn Ala Pro Gly Glu Ser Leu Thr Thr Phe Gln Asn Leu Thr Asp Gly
1 5 10 15

Thr Lys
<210> SEQ ID NO 36

<211> LENGTH: 13
<212> TYPE: PRT
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<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

«<222> LOCATION: (3)..(3)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 36

Ala Asn Asn Ile Ser Leu Thr Asp Val His Ser Val Ser
1 5 10

<210> SEQ ID NO 37

<211> LENGTH: 13

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (9)..(9)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 37

Ile Asn Asn Ser Ile Ser Ser Leu Asn Phe Thr Lys Leu
1 5 10

<210> SEQ ID NO 38

<211> LENGTH: 21

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (18)..(18)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 38

Ala Ile Val Phe Pro Ser Ala Ser Ser Ser Pro Asp Gly Leu Ala Phe
1 5 10 15

Ile Asn Gly Thr Arg
20

<210> SEQ ID NO 39

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 39

Glu Met Glu Val Asn Gly Thr Ser Lys Phe
1 5 10

<210> SEQ ID NO 40

<211> LENGTH: 21

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

«<222> LOCATION: (3)..(3)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 40

Gly Val Asn Gly Thr Ile Val Thr Tyr Pro His Gly Tyr Pro Val Ala
1 5 10 15
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Asp Ile Thr Gly Ala
20

<210> SEQ ID NO 41

<211> LENGTH: 21

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (7)..(7)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 41

Leu Glu Tyr Leu Asp Ile Asn Ser Thr Ser Thr Thr Val Asp Leu Tyr
1 5 10 15

Asp Lys Glu Gln Arg
20

<210> SEQ ID NO 42

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (8)..(8)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 42

Leu Thr Leu Ser Pro Ser Gly Asn Asp Ser Glu Thr Gln Tyr Tyr Thr
1 5 10 15

Thr

<210> SEQ ID NO 43

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (6)..(6)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 43

Ile Trp Pro Gly Gly Asn Ser Thr Asn Ala Pro Gly Thr Ile Ala Trp
1 5 10 15

<210> SEQ ID NO 44

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (12)..(12)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 44

Asn Gly Gly Gly Gln Asp Leu Ser Ala Phe Trp Asn Asp Thr Lys Lys
1 5 10 15

<210> SEQ ID NO 45

<211> LENGTH: 21

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae
<220> FEATURE:

<221> NAME/KEY: CARBOHYD
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<222> LOCATION: (15)..(15)
<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 45

Thr Lys Glu Tyr Asn Asp Leu Glu Ser Asn Thr Val Val Ser Asn Ser
1 5 10 15

Thr Leu Gly Val Lys
20

<210> SEQ ID NO 46

<211> LENGTH: 19

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (10)..(10)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 46

Thr Thr Leu Val Asp Asn Asn Thr Trp Asn Asn Thr His Ile Ala Ile
1 5 10 15

Val Gly Lys

<210> SEQ ID NO 47

<211> LENGTH: 22

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (8)..(8)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 47

Glu Leu Ser Asn Leu Ile Thr Asn Ser Ser Ser Ala Phe Tyr Thr Asp
1 5 10 15

Gly Met Gly Thr Ala Lys
20

<210> SEQ ID NO 48

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

«<222> LOCATION: (3)..(3)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 48

Phe His Asn Tyr Thr Leu Asp Trp Ala Met Asp Lys
1 5 10

<210> SEQ ID NO 49

<211> LENGTH: 13

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (2)..(2)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 49

Ser Asn Thr Ser Ser Glu Gly Tyr Pro Gln Ser Pro Met
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<210> SEQ ID NO 50

<211> LENGTH: 13

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (10)..(10)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 50

Ser Tyr Trp Gln Gly Gln Thr Met Gln Asn Ala Ser Tyr
1 5 10

<210> SEQ ID NO 51

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (11)..(11)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 51

Asn Thr Pro Asp Tyr Gln Glu Pro Asn Ser Asn Tyr Thr Asn Asp Gly
1 5 10 15

Lys

<210> SEQ ID NO 52

<211> LENGTH: 22

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (8)..(8)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 52

Thr Phe Ile His Asn Gly Gln Asn Leu Thr Val Glu Ser Ile Thr Ala
1 5 10 15

Ser Pro Asp Leu Lys Arg
20

<210> SEQ ID NO 53

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (2)..(2)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 53

Gly Asn Asn Thr Glu Asp Phe Gln Pro Phe Ile Asp Ser Glu Lys Arg
1 5 10 15

<210> SEQ ID NO 54

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae
<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (12)..(12)
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<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 54

Ser Tyr Ala Ser Asp Ile Gly Ala Pro Leu Phe Asn Ser Thr Glu Lys
1 5 10 15

<210> SEQ ID NO 55

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

«<222> LOCATION: (3)..(3)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 55

Ser Ile Asn Met Thr Asp Pro Val Asp Ala Glu Ser Pro Ile Phe Ser
1 5 10 15

Arg

<210> SEQ ID NO 56

<211> LENGTH: 20

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (11)..(11)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (15)..(15)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by carbamidomethylation

<400> SEQUENCE: 56

Ala Met Thr Ile Gln Gly Leu Gly Ala Gln Asn Lys Ser Ser Cys Glu
1 5 10 15

His Glu Thr Phe
20

<210> SEQ ID NO 57

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (6)..(6)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 57

Ala Val Gln Pro Thr Asn Asp Ser Met Val Leu Gly Asp Val Phe Leu
1 5 10 15

<210> SEQ ID NO 58

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (9)..(9)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 58
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Ile Ser Leu Ala Gln Ala Asn Trp Asn Ala Ser Glu Val Ser Lys
1 5 10 15

<210> SEQ ID NO 59

<211> LENGTH: 19

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 59

Gln Leu Leu Ala Asn Ser Thr Thr Ala Pro Gly Asp Asp Gly Glu Ser
1 5 10 15

Glu Ile Arg

<210> SEQ ID NO 60

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (2)..(2)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 60

Thr Asn Val Ser Ile Glu Thr Gln Lys Ser Tyr
1 5 10

<210> SEQ ID NO 61

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (11)..(11)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 61

Ala Phe Tyr Thr Ser Pro Gly Phe Thr Val Asn Asn Ser Arg
1 5 10

<210> SEQ ID NO 62

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (7)..(7)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 62

Asp Ile Phe Glu Ala Met Asn Gly Thr Glu Lys Asn His Leu Tyr
1 5 10 15

<210> SEQ ID NO 63

<211> LENGTH: 18

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (11)..(11)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation



US 9,410,966 B2
59 60

-continued

<400> SEQUENCE: 63

Glu Phe Glu Met Pro Thr Glu Thr Glu Lys Asn Ser Ser Ser Ile Gly
1 5 10 15

Tyr Tyr

<210> SEQ ID NO 64

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (6)..(6)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 64

Gly Tyr Ile Thr Arg Asn Thr Thr Gly Thr Met
1 5 10

<210> SEQ ID NO 65

<211> LENGTH: 13

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (8)..(8)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by carbamidomethylation

<400> SEQUENCE: 65

Ile Ile Tyr Ser Asn Val Ser Cys Pro Lys Ser Gly Tyr
1 5 10

<210> SEQ ID NO 66

<211> LENGTH: 18

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (6)..(6)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (9)..(9)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by carbamidomethylation

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (11)..(11)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by carbamidomethylation

<400> SEQUENCE: 66

Lys Asp Ile Thr Asn Asn Glu Ser Cys Thr Cys Glu Val Gly Asp Arg
1 5 10 15

Val Trp

<210> SEQ ID NO 67

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae
<220> FEATURE:
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<221> NAME/KEY: CARBOHYD

<222> LOCATION: (7)..(7)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (8)..(8)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by carbamidomethylation

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (10)..(10)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by carbamidomethylation

<400> SEQUENCE: 67

Gln Tyr Pro Thr Asn Ala Asn Cys Ser Cys Trp
1 5 10

<210> SEQ ID NO 68

<211> LENGTH: 22

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (4)..(4)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (17)..(17)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by carbamidomethylation

<400> SEQUENCE: 68

Thr Ala Asp Asn Val Thr Phe Leu Asn His Gly Gly Glu Ala Ser Pro
1 5 10 15

Cys Leu Gly Asn Ala Leu
20

<210> SEQ ID NO 69

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (10)..(10)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 69

Ala His Gln Asp Val Val Pro Val Asn Asn Glu Thr Leu Ser Ser Trp
1 5 10 15

Lys

<210> SEQ ID NO 70

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (16)..(16)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 70

Glu Phe Glu Ala Ile Glu Gln Leu Leu Ile Asp Gly Phe Lys Pro Asn
1 5 10 15

Arg
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<210> SEQ ID NO 71

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (9)..(9)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 71

Gly Arg Leu Asp Leu Ala Ala Ser Asn Ile Thr Gly Phe Val Ser Thr
1 5 10 15

Arg

<210> SEQ ID NO 72

<211> LENGTH: 13

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (4)..(4)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 72

Thr Ser Thr Asn Arg Ser Leu Ala Asn Pro Ile Met Thr
1 5 10

<210> SEQ ID NO 73

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (10)..(10)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (11)..(11)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by carbamidomethylation

<400> SEQUENCE: 73

Val Tyr Asp Gly Val Ser Ile Asp Asp Asn Cys Thr Lys Val Thr Ser
1 5 10 15

Tyr

<210> SEQ ID NO 74

<211> LENGTH: 13

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (4)..(4)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 74

Tyr Thr Gly Asn Gln Thr Tyr Val Asp Trp Ala Glu Lys
1 5 10

<210> SEQ ID NO 75

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae
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<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (8)..(8)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 75

Thr Tyr Gly Glu Thr Val Gly Asn Tyr Thr Leu Thr Val Glu Asn Lys
1 5 10 15

<210> SEQ ID NO 76

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (6)..(6)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 76

Met Trp Asn Gln Gln Asn Asn Thr Ile Met Lys
1 5 10

<210> SEQ ID NO 77

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 77

Asn Ser Ser Leu Tyr Ala Asp Ile Tyr Asp Asn Lys
1 5 10

<210> SEQ ID NO 78

<211> LENGTH: 21

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (9)..(9)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 78

Thr Asp Pro Ser Ser Ser Ile Met Asn Leu Thr Tyr Leu Asp Pro Leu
1 5 10 15

Ser Gly Glu Leu Lys
20

<210> SEQ ID NO 79

<211> LENGTH: 25

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (19)..(19)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 79

Leu Val Asp Ser Thr Asn Pro Ile Gly Thr Thr Glu Ser Leu Ile Thr
1 5 10 15

Leu Asn Asn Met Thr Thr Glu Glu Lys
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20 25

<210> SEQ ID NO 80

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (7)..(7)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 80

Ser Thr Met Ile Ala Glu Asn Ile Thr Gln Ser Ser Ser Ala Lys
1 5 10 15

<210> SEQ ID NO 81

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (8)..(8)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 81

Ile Pro Thr Glu Leu Val Ser Glu Asn Gly Thr Lys
1 5 10

<210> SEQ ID NO 82

<211> LENGTH: 19

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (7)..(7)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 82

Phe Tyr Trp Val Gln Gly Asn Thr Thr Gly Ile Pro Asn Ala Gly Asp
1 5 10 15

Glu Thr Arg

<210> SEQ ID NO 83

<211> LENGTH: 13

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (8)..(8)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by carbamidomethylation

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (9)..(9)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 83

Asn Asp His Val Ser Pro Ser Cys Asn Val Thr Phe Asn
1 5 10

<210> SEQ ID NO 84

<211> LENGTH: 13

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae
<220> FEATURE:
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<221> NAME/KEY: CARBOHYD

<222> LOCATION: (2)..(2)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 84

Thr Asn Asn Ser Gln Ser His Val Phe Asp Asp Leu Lys
1 5 10

<210> SEQ ID NO 85

<211> LENGTH: 19

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 85

Asn Leu Thr Asp Leu Glu Tyr Ile Pro Pro Leu Val Val Tyr Ile Pro
1 5 10 15

Asn Thr Lys

<210> SEQ ID NO 86

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (9)..(9)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 86

Ser Ile Val Asn Pro Gly Gly Ser Asn Leu Thr Tyr Thr Ile Glu Arg
1 5 10 15

<210> SEQ ID NO 87

<211> LENGTH: 13

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (6)..(6)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 87

Ser Arg Ala Thr Ser Asn Phe Ser Asp Thr Ser Leu Leu
1 5 10

<210> SEQ ID NO 88

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (8)..(8)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by oxidation

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (14)..(14)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 88

Ala Met Leu Ser Gly Ala Gly Met Leu Ala Ala Met Asp Asn Arg
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1 5 10 15

<210> SEQ ID NO 89

<211> LENGTH: 19

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (2)..(2)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (12)..(12)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by carbamidomethylation

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (15)..(15)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by carbamidomethylation

<400> SEQUENCE: 89

Gly Asn Phe Thr Asp Asp Ser Asp Phe Leu Gly Cys Val Gly Cys Ala
1 5 10 15

Ile Ile Arg

<210> SEQ ID NO 90

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (11)..(11)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 90

Ile Pro Asn Ser Arg His Ser Phe Asn Gly Asn Gln Ser Thr Phe
1 5 10 15

<210> SEQ ID NO 91

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (4)..(4)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 91

Leu Gln Lys Asn Ala Thr Ser Ser Ile Ile Glu Ser Glu Tyr
1 5 10

<210> SEQ ID NO 92

<211> LENGTH: 13

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (6)..(6)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 92

Asn Arg Ala Thr Ser Asn Phe Ser Asp Thr Ser Leu Leu
1 5 10
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<210> SEQ ID NO 93

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (9)..(9)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 93

Thr Ser Val Gln Ala Ile Val Asp Asn Thr Thr Glu Ser Asn Ser Ile
1 5 10 15

Trp

<210> SEQ ID NO 94

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (10)..(10)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 94

Glu Ile Asp Gly Ile Thr Thr Glu Lys Asn Val Thr Asp Met Leu Tyr
1 5 10 15

<210> SEQ ID NO 95

<211> LENGTH: 18

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (16)..(16)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 95

Phe Asp Asp Thr Met Leu Asp Val Ile Pro Ser Asp Leu Gln Leu Asn
1 5 10 15

Ala Thr

<210> SEQ ID NO 96

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (10)..(10)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 96

Asn Gly Val Asn Tyr Ala Phe Phe Asn Asn Ile Thr Tyr Thr Ala Pro
1 5 10 15

Lys

<210> SEQ ID NO 97

<211> LENGTH: 19

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (7)..(7)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation
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<400> SEQUENCE: 97

Ser Ser Gly Asp Gln Ala Asn Asn Ser Glu Ile Tyr Gly Ser Asn Thr
1 5 10 15

His Thr Phe

<210> SEQ ID NO 98

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (8)..(8)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 98

Thr Val Leu Val His Thr Lys Asn Asp Thr Asp Lys Asn Phe
1 5 10

<210> SEQ ID NO 99

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (4)..(4)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 99

Ser Arg Tyr Asn Gln Thr Glu Thr Phe Lys Glu Tyr
1 5 10

<210> SEQ ID NO 100

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (8)..(8)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (9)..(9)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by carbamidomethylation

<400> SEQUENCE: 100

Asp Gly Ala Glu Ile Asp Thr Asn Cys Thr Asp Ile Thr Lys
1 5 10

<210> SEQ ID NO 101

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (7)..(7)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 101
Ile Leu Gly Ile Asp Pro Asn Val Thr Gln Tyr

1 5 10

<210> SEQ ID NO 102



US 9,410,966 B2
77

-continued

78

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

«<222> LOCATION: (3)..(3)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 102

Val Arg Asn Trp Thr Ala Ser Ile Thr Asp Glu Val Ala Gly Glu Val
1 5 10 15

Lys

<210> SEQ ID NO 103

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (8)..(8)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 103

Ala Gly Asn Glu Val Thr Asn Asn Tyr Thr Asn Thr Asp Ala Ser Ala
1 5 10 15

Phe

<210> SEQ ID NO 104

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

«<222> LOCATION: (3)..(3)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (11)..(11)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by carbamidomethylation

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (12)..(12)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by oxidation

<400> SEQUENCE: 104

Ala Ile Asn Thr Thr Leu Asp His Ser Glu Cys Met
1 5 10

<210> SEQ ID NO 105

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (6)..(6)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 105
Phe Phe Tyr Ser Asn Asn Gly Ser Gln Phe Tyr

1 5 10

<210> SEQ ID NO 106
<211> LENGTH: 21
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<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by carbamidomethylation

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (10)..(10)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by carbamidomethylation

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (16)..(16)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 106

Phe Asn Trp Ile Cys Asn Glu Val Asp Cys Ser Gly Ile Ser Ala Asn
1 5 10 15

Gly Thr Ala Gly Lys
20

<210> SEQ ID NO 107

<211> LENGTH: 29

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (10)..(10)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (27)..(27)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by carbamidomethylation

<400> SEQUENCE: 107

Gly Val Ala Tyr Gln Ala Asp Thr Ala Asn Glu Thr Ser Gly Ser Thr
1 5 10 15

Val Asn Asp Pro Leu Ala Asn Tyr Glu Ser Cys Ser Arg
20 25

<210> SEQ ID NO 108

<211> LENGTH: 13

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (9)..(9)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 108

Lys Thr Val Val Asp Thr Phe Ala Asn Tyr Thr Asn Val
1 5 10

<210> SEQ ID NO 109

<211> LENGTH: 19

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (13)..(13)
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<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by carbamidomethylation

<400> SEQUENCE: 109

Asn Leu Ser Ile Pro Val Phe Phe Ser Glu Tyr Gly Cys Asn Glu Val
1 5 10 15

Thr Pro Arg

<210> SEQ ID NO 110

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (4)..(4)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 110

Glu Tyr Ser Asn Phe Thr Thr Pro Tyr Gly Leu
1 5 10

<210> SEQ ID NO 111

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (8)..(8)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 111

Gly Gly Gln Val Pro Ile Thr Asn Ser Ser Leu Thr His Thr Asn Tyr
1 5 10 15

<210> SEQ ID NO 112

<211> LENGTH: 13

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (7)..(7)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 112

Asn Val Ala Arg Val Val Asn Glu Thr Ile Gln Asp Lys
1 5 10

<210> SEQ ID NO 113

<211> LENGTH: 21

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (13)..(13)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (20)..(20)

<400> SEQUENCE: 113

Gln Ile Ile Val Thr Gly Gly Gln Val Pro Ile Thr Asn Ser Ser Leu
1 5 10 15

Thr His Thr Asn Tyr
20
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<210> SEQ ID NO 114

<211> LENGTH: 20

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 114

Ser Gly Ser Thr Asn Ser Thr Ser Ser Thr Ile Glu Ser Thr Glu Ile
1 5 10 15

Pro Val Val Tyr
20

<210> SEQ ID NO 115

<211> LENGTH: 34

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (27)..(27)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 115

Ser Ile Ile Phe Asp Thr Glu Lys Pro Ile Val Val Thr Glu Asp Ser
1 5 10 15

Ala Tyr Ala Ile Pro Val Ala Asn Asn Lys Asn Ala Thr Lys Arg Gly
20 25 30

Val Leu

<210> SEQ ID NO 116

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 116

Thr Arg Leu Phe Asn Ser Ser Ser Ala Leu
1 5 10

<210> SEQ ID NO 117

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (4)..(4)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 117

Ser Thr Asn Asn Phe Thr Ile Ser Ile Pro Glu Lys
1 5 10

<210> SEQ ID NO 118

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae
<220> FEATURE:
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<221> NAME/KEY: CARBOHYD

<222> LOCATION: (4)..(4)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 118

Val Ala Lys Asn Thr Ser Ala Ile Thr Thr Asp Gly Gly Ile Tyr
1 5 10 15

<210> SEQ ID NO 119

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (2)..(2)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 119

Leu Asn Gly Thr Trp Ala Ala Asp Asn Lys Asp Trp Val Asn Ser Leu
1 5 10 15

<210> SEQ ID NO 120

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (4)..(4)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 120

Ala Thr Ala Asn Phe Ser Asp Ser Ser Glu Val Leu Ser Lys
1 5 10

<210> SEQ ID NO 121

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (8)..(8)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 121

Glu Ala Thr Ser Ile Ser Gln Asn Glu Ser Ala Trp Leu Glu Lys
1 5 10 15

<210> SEQ ID NO 122

<211> LENGTH: 19

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (2)..(2)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (12)..(12)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by carbamidomethylation

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (15)..(15)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by carbamidomethylation
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<400> SEQUENCE: 122

Asn Asn Phe Thr Asp Asp Pro Glu Phe Met Gly Cys Val Gly Cys Ala
1 5 10 15

Ile Ile Arg

<210> SEQ ID NO 123

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (10)..(10)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 123

Ala Gly Asn Glu Val Ile Asn Ser Val Asn Thr Thr Asn Thr Ala Thr
1 5 10 15

Tyr

<210> SEQ ID NO 124

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 124

Ala Ser Ser Ser Asn Ser Ser Thr Pro Ser Ile Glu Ile Lys
1 5 10

<210> SEQ ID NO 125

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (11)..(11)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (22)..(22)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by carbamidomethylation

<400> SEQUENCE: 125

Gly Val Asp Tyr Gln Pro Gly Gly Ser Ser Asn Leu Thr Asp Pro Leu
1 5 10 15

Ala Asp Ala Ser Val Cys Asp Arg
20

<210> SEQ ID NO 126

<211> LENGTH: 27

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (10)..(10)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation
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<400> SEQUENCE: 126

Ser Gly Gly Leu Val Tyr Glu Tyr Ser Asn Glu Thr Asn Asn Tyr Gly
1 5 10 15

Leu Val Gln Ile Asp Gly Asp Lys Val Thr Lys
20 25

<210> SEQ ID NO 127

<211> LENGTH: 18

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (17)..(17)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 127

Ser Lys Val Ser Asn Pro Glu Gly Asn Gly Gly Tyr Ser Thr Ser Asn
1 5 10 15

Asn Tyr

<210> SEQ ID NO 128

<211> LENGTH: 19

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

«<222> LOCATION: (3)..(3)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 128

Asp Thr Asn Ser Thr Ala Glu Leu Gln Ser Pro Ser Ser Gln Glu Ile
1 5 10 15

Leu Gly Trp

<210> SEQ ID NO 129

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (10)..(10)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 129

Glu Glu Val Val Asp Tyr Thr Gln Asn Asn Ala Thr Tyr Ala Val Arg
1 5 10 15

<210> SEQ ID NO 130

<211> LENGTH: 20

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (14)..(14)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by carbamidomethylation

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (15)..(15)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation
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<400> SEQUENCE: 130

Gly Trp Ser His Ala Thr Phe Pro Thr Ile Tyr Gln Thr Cys Asn Glu
1 5 10 15

Thr Asn Ala Arg
20

<210> SEQ ID NO 131

<211> LENGTH: 21

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (14)..(14)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 131

Thr Leu Asp Asn Asp Gly Asn Asp Ile Pro Val Gly Leu Asn Asp Ser
1 5 10 15

Val Ala Tyr Ser Lys
20

<210> SEQ ID NO 132

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (6)..(6)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by carbamidomethylation

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (14)..(14)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by carbamidomethylation

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (16)..(16)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 132

Gly Ile Glu Pro Asn Cys Pro Ile Asn Ile Pro Leu Ser Cys Ser Asn
1 5 10 15

Lys

<210> SEQ ID NO 133

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<220> FEATURE:

<221> NAME/KEY: CARBOHYD

<222> LOCATION: (2)..(2)

<223> OTHER INFORMATION: the amino acid(s) in this region may be
post-translationally modified by N-glycosylation

<400> SEQUENCE: 133

Ala Asn Gly Thr Glu Phe Ala Ile Gln Tyr
1 5 10

<210> SEQ ID NO 134

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae
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<220> FEATURE:
<221> NAME/KEY: CARBOHYD
<222> LOCATION: (4)..(4)
<223> OTHER INFORMATION: the amino acid(s

post-translationally modified by N-glycosylation

<400> SEQUENCE: 134
Asn Gly Tyr Asn Phe Thr Ile Gly Pro Tyr

1 5 10

in this region may be

What is claimed is:

1. A method for identifying a site of N-glycosylation on a .

protein, the method comprising:
incubating a eukaryotic cell with an isotopic labeling com-
position comprising two or more different isotopic
labels to obtain an isotopically labeled sample of N-gly-
cosylated proteins;
enzymatically producing peptides from the isotopically
labeled sample of N-glycosylated proteins to obtain an
enzymatically treated sample of isotopically labeled
peptides;

subjecting the enzymatically treated sample of isotopically

labeled peptides to liquid-chromatography-tandem
mass spectrometry,
identifying a predetermined isotopic pattern of the enzy-
matically treated, isotopically labeled sample of pep-
tides in a mass spectrum at one or more retention times;

determining an amino acid sequence of an isotopically
labeled peptide present at the one or more retention
times;

and identifying the site of N-glycosylation on the isotopi-

cally labeled protein based on the determined amino
acid sequence.

2. The method according to claim 1, wherein the isotopic
labels are N-acetyl-D-glucosamine, N-[1,2-1*C,]acetyl-D-
glucosamine and N-[1,2-'3C,Jacetyl-D-[1-*C;**N]glu-
cosamine.

3. The method according to claim 2, wherein the isotopic
labeling composition comprises a stoichiometric ratio of
1:2:1 of N-acetyl-D-glucosamine, N-[1,2-1*C,]acetyl-D-glu-
cosamine and  N-[1,2-3C,Jacetyl-D-[1-*C;**N]glu-
cosamine.

4. The method according to claim 1, wherein enzymati-
cally producing peptides comprises contacting the N-glyco-
sylated proteins with trypsin, Lys-C, Arg-N or chymotrypsin.

5. The method according to claim 1, wherein identifying a
predetermined isotopic pattern comprises identifying a 1:2:1
peak intensity ratio in the mass spectrum.

6. The method according to claim 1, wherein the method
further comprises generating an inclusion list of peptides
having a mass spectrum that contains the predetermined iso-
topic pattern.

7. The method according to claim 6, wherein the method
further comprises determining an amino acid sequence for
each of the peptides on the inclusion list.
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8. A method for detecting a low-abundance protein in a
biological sample, the method comprising:

incubating a eukaryotic cell with an isotopic labeling com-

position comprising two or more different isotopic
labels;

subjecting an isotopically labeled biological sample

obtained from the eukaryotic cell to liquid-chromatog-
raphy-tandem mass spectrometry; and

identifying a predetermined isotopic pattern in a mass

spectrum at one or more retention times to thereby detect
the presence of the low-abundance protein in the bio-
logical sample.

9. The method according to claim 8, wherein the isotopic
labels are N-acetyl-D-glucosamine, N-[1,2-*C,]acetyl-D-
glucosamine and N-[1,2-'3C,]acetyl-D-[1-2*C;**N]glu-
cosamine.

10. The method according to claim 9, wherein the isotopic
labeling composition comprises a stoichiometric ratio of
1:2:1 of N-acetyl-D-glucosamine, N-[1,2-'*C,]acetyl-D-glu-
cosamine and  N-[1,2-'*C,]acetyl-D-[1-*C;**N]glu-
cosamine.

11. The method according to claim 8, wherein the isotopi-
cally labeled biological sample obtained from the eukaryotic
cell comprises N-glycosylated proteins.

12. The method according to claim 11, wherein the N-gly-
cosylated proteins comprise the isotopic labels.

13. The method according to claim 11, wherein the method
further comprises producing peptides from the N-glycosy-
lated proteins.

14. The method according to claim 13, wherein producing
peptides comprises contacting the N-glycosylated proteins
with trypsin, Lys-C, Arg-N or chymotrypsin.

15. The method according to claim 8, wherein identifying
a predetermined isotopic pattern comprises identifying a
1:2:1 peak intensity ratio in the mass spectrum.

16. The method according to claim 8, wherein the method
further comprises determining an amino acid sequence of the
low abundance protein.

17. The method according to claim 8, wherein the method
further comprises generating an inclusion list of peptides
having a mass spectrum that contains the predetermined iso-
topic pattern.

18. The method according to claim 17, wherein the method
further comprises determining an amino acid sequence for
each of the peptides on the inclusion list.
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